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ScnimlgOjupiei-on™ 

Abstract 

Both intestinal secretory IgA (SIgA) and serum IgG specific for the O-antigcn (O-Ag). the 
polysaccharide part of the bacterial ^polysaccharide (LPS) are elicited open Shigella 
infection, the causative agent of bacillary dysentery. We have addressed here the protective 
role of the anti-LPS IgG response, osing the murine model of pulmonary infection. Upon 
intraperitoneal <i.p.) immunization with killed Shigella flexneri 2a bacteria, mice were shown 
to eUcit a serum, but not a local, anti-LPS IgG response that conferred only partial protection 
against intranasal (i.n.) challenge with the homologous virulent strain. However, mice 
intranasal^ administered with, prior to Ln. challenge, an anti-LPS IgG polyclonal serum fiom 
Lp. immunized mice, showed a significant antibody dose-dependent decrease of the lung- 
bacterial load in comparison to mice that received preimmune serum. Using murine 
monoclonal antibodies (mAbs) of the G isotype (mlgG) representative of the different IgG 
subclasses and specific for serotype-specific detenninants on the O-Ag, we showed that each 
IgQ subclass exhibited a similar serotype-specific protective capacity, with significant 
reduction of the lung-bacterial load and of subsequent inflammation and tissue destruction. In 
contrast, different subclasses of mlgG specific for the invasins IpaB or IpaC did not confer 
protection. In conclusion, the IgG-mediated systemic response to serotype-specific 
detenninants contributes to protection against homologous Shigella infection, if the effectors 
are present locally at the time of mucosal infection. 
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Blodcwis* approach to fragments of the O-speciGc polysaccharide of Shigella flexneri 
serotype ?a: Convergent synthesis of a dccasaccharide representative of a dimer of the 
branched repeating unit 1 

This paper discloses the synthesis of a dccasaccharide corresponding to two consecutive 
repeating units of the O-Ag of & flexneri 2a* based on the condensation of two key 
pentasaccharide intermediates. Several routes to these two building blocks were investigated, 
involving either blockwise strategies or a linear one. The latter was the preferred one based on 
yields of condensation and the number of steps. 
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Blockwise approach to fragments of the (^specific potysaccharide of Shigella jlexncii 
serotype 2a: Convergent synthesis of a decasaccharide representative of a dimer of the 

branched repeating unit 1 



ABSTRACT 
Introduction 

Shigellosis or bacillary dysentery is a worldwide disease, occurring in humans only, caused by 
organisms of the genus Shigella. Responsible fox an estimated 200 million cases annually. 
Shigella is increasingly resistant to antimicrobial drugs. ^Shigellosis is a priority target as defined 
by the World Health Organization since this disease is a major cause of mortality in developing 
countries; especially among children under 5 years of age and in the immunocompromised 
population. 3 Although no vaccine is yet available against shigellosis,, several programs targeting 
the eradication of this bacterial infection are under development, with emphasis on vaccination 
strategies involving either live attenuated strains of Shigella* or acellular vaccines based on 
lipopolysaccharide (LPS) antigens and derivatives thereof. 5 Of particular interest in the later 
approach is the design of glycoconjugate vaccines based on the use of detoxified LPS. Indeed, 
there is evidence that natural and experimental infections with Shigella confer type-specific 
immunity 6 which points to the O-specific polysaccharide (O-SP) moiety of the LPS as the target 
antigen of the host's protective immune response to infection. Besides, data show that significant 
levels of pre-existing antibodies specific for the O-SP correlate with a diminished attack rate of 
shigellosis. 7 Furthermore, it was recently demonstrated in field trials that protein conjugates of 
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detoxified LPS provided protection to human volunteers against infectious caused by & someL* 
As was particularly emphasized in the case of S. cfysenteriae type 1, conjugates incorporating 
oligosaccharide fragments of the native bacterial polysaccharides may be even more 
immunogenic than their counterparts made of the detoxified LPS. 9 

Of most ioncern amongst the different species of Shigella, is £ flexneri serotype 2a, the 
prevalent infective agent responsible for the endemic form of the disease. 10 Indeed, major efforts 
from different laboratories including the development of conventional polysaccharide-protein 
conjugated 11 aim at the development of a vaccine against the disease associated with this 
particular j serotype. In parallel, a program aimed at the design of chemically defined 
glycoconjigate vaccines based on the use of synthetic fragments of the O-SP of £ flexneri 2a, is 
under development in this laboratory. We adopted a rational approach, involving a preliminary 
study of the interaction between the bacterial O-SP and homologous protective monoclonal 

antibodies 1 . 

j 

A B E C D 

2>a-L-fchi^(1^2)-a-^^ 

The O-Sil of £ flexneri 2a is a heteropolysaccharide defined by the pentasaccharide repeating 
unit I. 11,1 * It features a linear tetrasaccharide backbone, which is common to all S. flexneri O- 
antigens tad comprises a Macetyl glucosamine and three rhamnose residues, together with an a- 
D-glucopyranose residue branched at position 4 of one of the rhamnoses. Besides the known 
methyl glycoside of the EC disaccharide, l4|ls a set of di- to pentasaccharides 1 * 1 * and more 
recently jm octasaccharide 19 representative of fragments of S. flexneri 2a O-SP have been 
synthesized recently. The use of these compounds as molecular probes for mapping at the 
molecular level the binding characteristics of a set of protective antibodies against & flexneri 2a 
infection-indicated that access to larger oligosaccharides would help the characterization of the 
carbohydrate antigenic determinants. For this purpose, methodologies allowing a straightforward 
access tojfi flexneri 2a oligosaccharides of larger size are under study in this laboratory. We now 
report th$ synthesis of the first decasaccharide in the series, namely the D'A'B^^C'D AB(E)C 
fragment; which was prepared as its methyl glycoside (1). 
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Results and discussion 

Considering its dimeric nature, a convergent synthetic strategy to the target 1 was considered* 
Indeed, reirosynthetic analysis, supported by previous work in the field, 1 * 22 indicated that 
disconnections at the C-D linkage, thus based on two DAB(E)C branched pentasaccharides 
corresponding to a frame-shifted repeating unit I, would be the most advantageous (Scheme 1). 
Such a strategy would involve a pentasaccharide acceptor easily derived from the known methyl 
glycoside 2 17 or from the corresponding W-acetylated analogue 3 and a pentasaccharide donor 
bearing a 4-0-acyl protecting group at the reducing residue (C) in order to direct glycosylation 
towards the desired stereochemistry. Depending on the nature of the 2-W-acyI group in residue D, 
the tetter could derive from the allyl glycosides 4 or 5. Besides, bearing in mind that the major 
drawbacks of the linear synthesis of pentasaccharide 2 reported so far 17 dealt with the selective 
deblocking of key hydroxy! groups to allow further chain elongation, we describe herein various 
attempts at a convergent synthesis of the folly protected BAB(E)C pentasaccharide as its methyl 
(2, 3) or allyl (4, 5) glycosides. Precedents concerning a related serotype of S. flexnari have 
indicated that disconnection at the D~A linkage should be avoided. 1122 However to our 
knowledge, disconnection at the B-C or A-B linkages was never attempted in the series. Both 
routes were considered in the following study* The nature of the repeating unit I indicated that 
any blockwise synthesis involving such linkages would rely on donors lacking any participating 
group at position 2 of the reducing residue, thus the relevance of this strategy may be questioned. 
Nevertheless, although ^-glycoside formation was observed occasionally, 23 the good cc- 
stereoselectivity reported on several occasions in the literature for glycosylation reactions based 
on mannopyranosyl 24 ^ 5 and derivatives such as perosaminyi 261 * 7 ftt KOVAC) or 
rhaxnnopjfranosyl donors that were either glycosylated at C-2, 28 or blocked at this position with a 
non partieipatbig group, 29 encouraged the evaluation of the above mentioned block strategies. To 
follow uptfce work developed thus far in the S flexneri 2a series, emphasis was placed on the use 
of the use of tricbJoroacetimidate (TCA) chemistry. 30 

Strategy based on the disconnection at the A-B linkage (Scheme 7, route a): Such a strategy 
involves the coupling of suitable DA donors to an appropriate B(E)C acceptor. Taking into 
account the gtycosylation chemistry, two sets of disaccharide building blocks (6, 7, 8), easily 
obtained from known monosaccharide precursors which were readily available by standard 
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As shown: previously in the construction of the OA intermediate 17, the JV-tricbloroacetyl 
trichtoroadetimidate 16 appears to he a highly suitable precursor to residue D when involved in 
the formation of the p-GIcNAc linkage at the poorly reactive 2 A position. Indeed, reaction of 16 
with the acceptor 24 in 1 ,2-dichloroethane in the presence of TMSOTf went smoothly and gave 
the trisaccharide 26 in 96% yield. However, conversion of the tf-trichloroacetyl group to the N- 
acetyl derivative 27 was rather less successful as the desired trisaccharide was obtained in only 
42 % yiclci when treated under conditions that had previously been used in the case of a related 
oligosaccharide (sodium methoxide, EtjN, followed by re-JV; 0-acetylation). 17 This result ied us to 
reconsider the protection pattern of the glucosamine donor. The i^tetrechtorophthalunide group 
has been proposed as an alternative to overcome problems associated with the widely spread 
phthalimido procedure when introducing a 2-acetamido-2-deoxy-p-D-glucopyranosidic linkage. 41 
Thus, the JV-tetrachlorophthalimide trichloroacetirnidate donor 25 was selected as an alternative. 
It was prepared as described from commercially available D-glucosamine/ 2 apart from in the 
final imidate formation step* where we found the use of potassium carbonate as base to be more 
satisfactwy than DBU. Glycosylation of 24 with 25 in the presence of TMSOTf resulted in the 
trisaccharide 28 in 65% yield. The tetrachlorophthaloyl group was then removed by the action of 
ethylenediamine, and subsequent re-# O-acetylation gave the trisaccharide 27 in 65% yield. The 
latter was next converted into the donor 13 in two steps, analogous to those described for the 
preparatioh of 6 ftom 17. Indeed, de-O-allylation of 27 cleanly gave the hemiacetal 29 (83%), 
which was then activated into the required trichloroacetirnidate (94%). It is worth mentioning that 
although they involve a different D precursor, both strategies give access to the intermediate 27 
in closely related yields, 40 and 42%, respectively. 

Initial attempts to form the pentasaccharide 5 from 13 and the previously described acceptor ll l * 
in the presence of TMSOTf as promoter were rather unsuccessful, resulting in at best 1 7% of the 
desired product, acoompanied by decomposition of the donor into the hemiacetal 29 (75%). 
Using BFi,OEt 2 as the promoter in place of TMSOTf, reaction of 11 with 13 at room temperature 
provided S in 44% yield, with the acceptor 11 and hemiacetal 29 also recovered in 54 and 29% 
yield, respectively. We considered that the poor reactivity of the acceptor was responsible for 
these results, as the U C NMR of 13, showing several distorted signals (notably ???), suggests 
that there! is considerable steric hindrance around the position 3c. For that matter, the 2c-0- 
acetylatetf disaccharide 12 was considered as an alternate acceptor. Analogously to the 
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preparation of 11, it was obtained from the known diol 30 through regioselective opening of the 
intermediate orthoester. However, coupling of the potentially less hindered acceptor 12 and the 
trisscchartoe donor 13 resulted, at best, in the isolation of the condensation product 31 in 42% 
yield (not described). 

The modest yield of 1 obtained by this route made the alternative reaction path (Scheme 4) worth 
investigating, despite the more numerous synthetic steps required. Indeed, it was found rather 
appealing when evaluated independently in a closely related series (unpublished results). By this 
route, a tetrasaccharidc acceptor can be formed from two disaccharide building blocks (EC and 
AB), and coupled with an appropriate monosaccharide donor as precursor to D. Considering that 
selective depTotection of the 2 A hydroxyl group would occur in the course of the synthesis, 
glycosylation attempts were Umhed to the 2-O-benzoylated acceptor 11. The disaccharide donor 
necessary for this path could be derived from the building block 24, already in hand. The choice 
of temporary protecting group at position 2 A was determined by our experience of the stepwise 
synthesis of the corresponding methyl pentasaccharide," where we noted flat an acetate group at 
this position may not be folly orthogonal to the benzoate located at position 2 C . The chosen group 
had also to support removal of the anomeric allyl group and the subsequent conversion to the 
tricMoroacetunidate. At first, a chloroacetate group was anticipated to foffil these requirements. 
Thus, the disaccharide 24 was treated with chloroacetic anhydride and pyridine to give the 
derivative 32 (57%). Anomeric deprotection to give the hemiacetaJ 33 (84%) and subsequent 
trichtoroacetimidate activation of the latter into the donor 34 (&3%) were performed in the same 
way as before. Coupling of 11 with 34. carried out in the presence of TMSOTf at -40°C, yielded 
a complex mixture of products. When the temperature was towered to -60°C, the condensation 
product 3^ could be isolated in 22% yield- The a-stereoselectivity of the glycosylation was 
ascertained from the value of the %# coupling constant at C-la which was XX Hz." ,44 (A 
feire ?) Alternative donor protection was attempted. Treatment of 24 with p-methoxybenzyl 
chloride and sodium hydride gave the folly protected derivative 35 (97%), which was cleanly 
converted, into the tricWoroacetimidate donor 37 (82%) in two steps involving the hemlacetal 
intermediate 36 (73%). Glycosylation of 11 with 37 in the presence of TMSOTf at -40°C gave 
the desired tetrasaccharide 39 in 44% yield. Again, the stereochemistry of the newly created 
linkage was ascertained based on the x Jcx heteronuolear coupling constants. When the 
temperature was lowered to -60 e C, the yield of 39 fell to 34% and a second major product 40 
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(21%) was observed fa the mixture. Indeed, examination of the NMR spectra of this product 
revealed that the pMeOBn group had been lost That 40 was the acceptor required &>t the next 
step brought the estimated yield of condensation to 55%. Nevertheless, the overall outcome of 
this blockwise strategy did not match our expectations, and this route was abandoned. 

Linear strategy to the fidly protected pentasaccharide 4: As preliminary studies have 
demonstrated, rapid access to suitable building blocks allowing the synthesis of higher-order 
oligosaccharides representative of fragments of the O-SP of £ flexnerl 2a remains a challenge. 
Major conclusions drawn from our studies favour the design of a linear synthesis of the target 4. 
Indeed, when put together with our previous work, such as the synthesis of tctrasaccharide 41 
(9S%) 17 or that of trisaccharide 42 (97%) a 18 all the above described attempted couplings outlined 
the loss of efficiency of glycosylation reactions involving thamnopyranosyl donors glycosylated 
at position 2 in comparison to those involving the corresponding acetylated donor. Thus, 
matching the linear strategy of the methyl pentasaccharide 2 described previously* 11 a synthesis 
of 4, based on donors bearing a participating group at 0-2, was designed. Three key building 
blocks wore selected. These were the readily accessible EC disaccharide acceptor 11 benzoyloted 
at C-2 as required fox the final condensation step leading to the fhtty protected decasaccharide 
intermediate; the rhamnopyranosyl trichtoroacetimidate 22, which serves as a precursor to 
residues A and B, and bears a both temporary and participating group at position 2; and the 
trichioroacetaxnide glucosaminyl donor 16 as a precursor to residue D. As stated above, coupling 
of 11 and 22 gave 42 in high yield. As observed in the methyl glycoside series, 17 de-0- 
acetylation using McONa or methanolic HC1 was poorly selective. Although, 
guanidine/guanidinium nitrate was proposed as a mild and selective 0-deacetyIation reagent 
compatible with the presence of benzoyl protecting groups/ 5 none of the conditions tested 
prevented partial debenzoylation leading to did 43, as confirmed from mass spectroscopy and 
NMR analysis (cf Anne~Laure). The required alcohol 10 was readily obtained in an acceptable 
yield of 84% yield by a five-day acid catalysed methanolysis, using HBF* in diethyl 
ether/metJianol, 17,46 of the fiilly protected intermediate 42 (Scheme 5). Repeating this two-step 
process using 10 as the acceptor and 22 as the donor resulted first in the intermediate 44 (90%), 
and next in the tetrasaccbaride acceptor 40 (84%), Glycosylation of the latter with 16 gave the 
fully protected pentasaccharide 4 in high yield (9S%), thus confirming that the combination of the 
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trichloroac&amide participating group and the trkhloroacetimidate activation mode in 16 resuk9 
in a potent donor to be used as a precursor to residue D in the & flexmri series, where low- 
reactive glyoosyl acceptors are concerned. Following the above described procedure, selective 
anomeric deprotection of 4 furnished the hemiacetal 45 which was smoothly converted to the 
trichloroacetimidate donor 46 (66% from 4). From these data, the linear synthesis of 4, truly 
benefiting from the use of 22 as a common precursor to residue A and B, appears as a reasonable 
alternative to the block syntheses which were evaluated in parallel 

Synthesis of the target decasacefmrtde J: Having a pentasaccharide donor In hand, focus whs 
next placed on the synthesis of an appropriate pentasaccharide acceptor. In our recent description 
of the convergent synthesis of the B'(E')C'DAB(E)C octasaccharide, 19 the pentasaccharide 48, 
bearing a 4D»6o-0-isopn>pylidene protecting group, was found a most convenient acceptor which 
encouraged its selection in the present work. Briefly, 48 was prepared in two steps from the 
known 2. Thus, mild transesterification of 2 under Zempien conditions allowed the selective 
removal of the acetyl groups to give triol 47, which was converted to the required acceptor 48 
(72% from 2) upon subsequent treatment with 2>2-dnnethoxypiQpane. Relying on previous 
optimisation of the glycosylate step, 19 the condensation of 48 and 46 was performed in the 
presence of a catalytic amount of triflic acid. However, probably due to the closely related nature 
of the donor and acceptor, the reaction resulted in an inseparable mixture of the fully protected 49 
and the hemiacetal 45 resulting from partial hydrolysis of the donor. Most conveniently, acidic 
hydrolysis of the mixture, allowing the selective removal of the isopropylidene group in 49, gave 
the intermediate diol 50 in a satisfectory yield of 72% for the two steps. According to the 
deprotection strategy used for the preparation of the closely related octasaccharide, 1 * diol 50 was 
engaged in a controlled de-O-acylation process upon treatment with hot roethanolic sodium 
methoxide. However, partial cleavage of the trichloroacetyl moiety, leading to an inseparable 
mixture, was observed which prevented further use of this strategy. Indeed, it was assumed that 
besides bfcing isolated and therefore resistant to Zempten transacetylation conditions, 47 ^ 9 the 2c- 
0-benzoyl groups were most probably highly hindered which contributed to their slow 
deprotection. Alternatively, 50 was submitted to on efficient two-step in-house process involving 
first, hydrogenoiysis under acidic conditions which allowed the removal of the benzyl groups and 
second, basic hydrochlorination which resulted in the conversion of the Afarichloroacetyl groups 
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into the required W-acetyi ones, thus affording 51. Subsequent transesterification gave the final 
target 1 in 37% yield ftoro SO. 

CONCLUSION 

The decaSaccharide 1, corresponding to two consecutive repeating units of the O-Ag of 5. 
flexneri 2a was synthesized successfully based on the condensation of two key pentasaccharide 
intermediates, the donor 46 and acceptor 48. Several routes to these two building blocks were 
investigated, involving either blockwise strategies or a linear one, The latter was the preferred 
one based on yields of condensation and the number of steps. 
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General Methods 

Optical rotations were measured for CHCfe solutions at 25°C, expect where Indicated 
otherwise, with a Peikm-Elmer automatic polarimeter, Model 241 MC. TLC were performed 
on precoated slides of Silica Gel 60 F 25 4 (Merck). Detection was effected when applicable, 
with UV light, and/or by charring in 5% sulfuric acid in ethanol 

Preparative chromatography was performed by elution from columns of Silica Gel 60 (particle 
size 0.040-0.063 mm). For all compounds the NMR spectra were recorded at 25°C for 
solutions in CDCfe, on a Bruker AM 400 spectometer (400 MHz for 'H, 100 MHz for U C). 
External references : for solutions in CDCla, TMS (O.OO ppm for both *H and U C). Proton- 
signal assignements were made by first-order analysis of the spectra, as well as analysis of 2D 
*H-*H correlation maps (COSY) and selective TOCSY experiments. Of the two magnetically 
non-equivalent geminal protons at C-6, the one resonating at lower field is denoted H-6a and 
the one ai higher field is denoted H-6b> The ,3 C NMR assignments were supported by 2D "C- 
*H correlations maps (HETCOR). Interchangeable assignments are marked with an asterisk in 
the listing of signal assignments. Sugar residues in oligosaccharides are serially lettered 
according to the lettering of the repeating unit of the O-SP and identified by a subscript in the 
listing of signal assignments. Past atom bombardment mass spectra (FAB-MS) were recorded 
in the positive-ion mode using dithioerythridol/dithio-L-threitol (4 :1, MB) as the matrix, in the 
presence of Nal, and Xenon as the gas. Anhydrous DCM, 1,2-DCE and Et 2 0, sold on 
molecular sieves were used as such. 4 A powder molecular sieves was kept at 100°C and 
activated before use by pumping under heating at 25G°C. 

Phenyl (3,4,6-tri-0-acetyl~2-deosy-2»trich)oro^ 

(3,4-di-a-bemyM-tfaio-a-l>rhamnopyninoside) (8). A mixture of alcohol IS (0.12 g, 0.27 
mmoQ and imldate 16 (0.245 g, 0.41 mmol) in anhydrous DCM (10 mL) was stirred for 15 
min under dry ar. After cooling at 0°C, MeaSiOTf (28 pL) was added dropwise and the 
mixture was stirred for 0.5 h. Triethylamine (60 \iL) was added and the mixture was 
concentrated. The residue was elutcd from a column of silica gel with 4:1 cyclohexane-EtOAc 
to give 8 (227 mg, 97 %) as a colorless foam; [a] D -63* (c 1, CHCI3). l H NMR (CDCl,): S 
7.10-7.40 (m, 15H, Ph), 6.73 (d, 1H, J im = 8.5 Hz, NHd), 5.47 (d, iH, 1.2 Hz, H-1,0, 
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5.07 (dd, IH, 10.0 Hz, H-3 D ), 4.99 (dd, IH, = 10.0 Hz. H.4 D ), 4.80-4.5S (m, 

4H, CftPh), 4.52 (d, 1H, Ju= 8.2 Hz, H-l 0 ), 4.13-3.95 (in. 2H, J„ * 5.3 Hz, J 6m - 125 
Hz, H.«a D , 61*,), 4.10 (m, 1H. As - 9.5 Hz, As - 6.1 Hz, H-5a), 4.00 (dd, 1H, J v - 3.0 Hz, 
H-2a), 3.99 (m, 1H, H-2 D ), 3.77 (dd, IH, J iA - 9.4 Hz, H-3 A ), 3.50 (m, 1H. H-5 D ). 3.39 (dd, 
IH, H-4/0. 1.90, 1.93, 1.95 (3s, 9H, OAc), 1.23 (d, 3H, H-6*). "C NMR (CDCb):8 171.1, 
170.9, 169.6, 162.1 (0=0), 127-138 (Ph), 102.1 (C-1 D ), 92.7 (CO,), 87.4 (C-l*). 81.3 (C- 
4 A ), 80.5 (C-3 A ), 79.1 (C-2*), 76.4, 74.1 (CHjPh), 72.4 (C-5d), 72.4 (C-3 D ), 69.8 (C-5 A ), 68.7 
(C-4 D ), 62.3 (C-6 D ), 562 (C-2 D ), 21.0, 20.9, 20.8 (3C, OAc), 18.1 (C-6 A ). FABMS of 
C«H«Cl}NO, a S (M, 867), mfz 890 ([M+Na]*). Anal Calcd for QoHwCbNOuS : C, 5557 ; 
H,S.10;N, 1.61. Found C, 55.16 ;H, 5.1 8 ;N. 1.68. 

AHyl {3,4,6-tri-0-ac«tyl-2-deoxy-2-trichloroacetainido-lJ-D-glucopyraD05yl)-(l->2)-(3,4- 
di-O-bcnzyl-a-i^rhamnopyranosidc) (17). A mixture of alcohol 14 (1.86 g, 4.86 mmol) and 
imidatc 16 (3.85 g, 6.47 mmol) in anhydrous CHjCN (80 mL) was stored for 15 min under dry 
At. After cooling at 0°C, Me,SiOTf (46 uL) was added dropwise and the mixture was stirred 
for 0.5 h. Triethykmine (150 uL) was added and the mixture was concentrated. The residue 
was ehrted from a column of silica get with 7:3 cyclohexane-EtOAc to give 17 (4.0 g, 99 %) as 
a white solid; (a] D -3° (c 1, CHC1>). l HNMR (CDC1,):S 7.18-7.32 (m, 10H, Ph), 6.70 (d, IH, 
Am. - 8.4 Hz, NH D ), 5.78-5.82 (in, IH, All), S.05-S.20 (m, 2H. All), 5.00 (m. 2H, /« = J u = 
As = 9.5 Hz,H-3 D , 4 D ), 4.45-4.75 (m. 4H, CftPh), 4.76 (d, 1H, A» = 1.1 Hz, H-l*), 4.60 (d, 
IH, Ai •- 8.5 Hz, H-1 D ), 4.05-4.15 (m, 2H, J Sfi - 4.8 Hz, J** » 12.2 Hz, H-6a„, 6bj>), 3.98 
(m, IH, H-2o), 3.90 (m, 2H, All), 3.86 (dd, IH, Ai = 3.2 Hz, H-2 A ), 3.81 (dd, IH, A< » 9S 
Hz, H-3a), 3.62 (m, IH, As « 9.5 Hz, A< - 6.1 Hz, H-5,0, 3.50 (m, IH, H-5 D ), 3.32 (dd, IH, 
H-40, 1.93, 1.97, 2.02 (3 s, 9H, OAc), 1.24 (d, 3H, H-6a). ,J C NMR (CDCls):© 171.0, 170.9, 
169.6, 162.1 (C«0), 117.1-138.5 (Ph, All), 101.8 (C1 D ), 98.5 (CI*), 92.6 (CCU), 81.4 (C- 
4*), 80.4 (C-3a), 77.1 (C-2a), 75.9. 74.1 (CHiPh). 72.7 (C-3 D ), 72J (C-S D ). 68.6 (C-4p\ 683 
(05a), 68.1 (All). 62.3 (C-6 D ). S6.1 (C-2 B ), 21.1. 20.9, 20.9 (OAc), 18.2 (C-6a). FABMS of 
CtH^CIjNOu (M, 815), tn/z 838 ([M+NaD. AnaL Calcd for Cj,H«CbNOu: C, 54.39 ; H, 
5.43 ; K, 1.71. Found C, 54.29 ; H. 5.45 ; N: 1.72. 

(3,4,6wtri-0-acctyl-2-deo^-2-trich!oroacetomido-p-D-gIucopyranoRyl)-(l-^2)-(3^-di-0- 
beMyl-a-L-rhamnopyranose) (18). l,5-Cyctooctadiene-bis(methyldiph^ 
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hexafluorophosphate (120 mg, 140 jnnol) was dissolved teltahydrofuran (10 mL), and the 
resulting red solution was degassed in an argon stream. Hydrogen was then babbled through 
the solution, causing the colour to change to yellow. The solution was then degassed again in 
an argon stream. A solution of 17 (1.46 g, 1.75 mmol) in tetrahydrofiiran (20 mL) was 
degassed and added. The mixture was stirred at it overnight. The mixture was concentrated. 
The residue was taken up in acetone (27 mL), and water (3 mL) was added. Mercuric bromide 
(949 mg, 2.63 mmol) and mercuric oxide (761 mg, 3.5 mmol) were added to the mixture, 
protected from light. The mixture was stirred for 2 h at rt, then concentrated. The residue "was 
taken up in CHiO* and washed three times with sat. aq. Kl, then with brine. The organic phase 
was dried and concentrated. The residue was purified by column chromatography 
(Cyclohexane-AcOEt 4:1) to give 18 (1.13 g, 81 %) as a white foam. [a] D 44° (c 1, CHCIj), 
*H NMR (CDCb):8 7.05-7.35 (m, 10H, Ph), 6.74 (d t IH, J 2m - 8.5 Hz, NHo), 5.10 (d, IH, 
/,* * 1-1 Hz, H-U), 5.02 (m, 2H, = Jj, 4 « - 9.5 Hz, H-3 D , 4 D ), 4.50-4.80 (m, 4H, 
CftPh), 4.61 (d, IH, J u = 8.5 Hz, H-1 D ), 4.08-4,15 (m, 2H, J 5 .* * 4.5 Hz, J^jst * 12.3 Hi, H- 
6ai>, 6bD) f 4.00 (m, IH, H-2o), 3.90 (dd. 1H. J w - 3,3 Hz, H-2a), 3.86 (dd, IH, J* A - 9.5 Hz, 
H-3 A ), 3.85 (m, IH. Jas * 9.5 Hz, = 6.2 Hz, H-5 A ), 3,50 (m, 1H, H-5 n ) t 3.30 (dd, 1H, H- 
4a), 2.85. (d, IH, Aw « 3.5 Hz, OH), 1,94, 1.97, 2.02 (3s, 9H f OAc), 1.23 (d, 3H, H-6a). u C 
NMR(CDCfe):6 171.1, 170.0, 169.6, 162.1 (OO), 127.1-138.5 (Ph), 101.7 (C-1 D ),94.1 (C- 
1 A ), 92,6 (CCb), 81.4 (C-4 A ), 79.9 (C-2 A ), 77.3 (03 A ), 75.9, 74.1 (OfcPh), 72.7 (C-3 D ), 72.5 
(C-5 D ), 68.6 (C-4D), 68.4 (C-5a), 62.2 (C-6d), 56.1 (C-2&), 21.1, 21.0, 20.9 (OAc), 18.3 (C- 
6a). FABMS of CwHioCljNOn (M, 775), m/z 789 ([M+Na]*) ; AnaL Calcd for 
CMHjaClaNOwrC, 52.55 ;H, 5.19 ;N, 1.80, Found C, 52.48 ; H, 5.37 ;N, 1.67. 

(3,4,6-tri-0-acetyM-deo^-2*W^ 

benzyl-a-L-rhamnopyranose trichloroacetimidate (6). The hemiacetal 18 (539 mg, 0.68 
mmol) was dissolved in CH^Cfe (50 mL), placed under argon and cooled to Q°C. 
Triehtoroacetonitrile (0.6 mL, 6.8 mmol), then DBU (10 pL % 70 junol) were added. The 
mixture was stirred at 0°C for 30 mia The mixture was concentrated and toluene was co- 
evaporated from the residue. The residue was eluted from a column of silica gel with 7:3 
cydohexane-EtOAC and 0.2 % of Et^N to give 6 (498 mg, 78 %) as a colourless foam; {a]o - 
18° (c 1, CHO,). c HNMR(CDClj):6 8,48 (s, IH, N-H), 7.15-7.40 (in, 10H, Ph), 6.75 (d, 
1H,^N H - 8.5 Hz, NHd), 6.18 (d, IH, J ia = LI Hz, H-1 A ), 5.1S (dd, IH, / w - J> A - 9.5 Hz, 
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H-3 D ), 5.07 (dd. 1H. At » 9.5 Hz, H-4 0 ), 4.50-4.82 (m, 4ft CffjPh), 4.62 (d, lft J IA • 8.5 
Hz, H-ln), 4.03-4.20 (m, 2H, «= 4.5 Hz. J faA - 12J Hz; H-6hd. 6bu). 3.98 (m, 1ft H-2 D ), 
3.85 (m, 1H, J tA - 9.5 Hz, J 5 .« • 6.2 Hz, H-5*), 3.84 (dd, IH, - 3.3 Hz, H-2 A ), 3.83 (dd, 
1H, Ji.4 - 9.5 Hz, H-3 A ), 3.55 (in, lft H-5 B ), 3.45 (dd, lft H-4,0. 1.93, 1.96, 1.98 (3s, 9H, 
OAc), 1.23 (d, 3H, H-6a). u C NMR (CDC1,):5 171.1, 170.0, 169.6, 162.1 (OO), 127.2- 
138.4 (Ph), 101.7 (C-lfi), 97.2 (C-Ia), 92.6 (CO,), 80.5 (C4 A ), 79.1 (C3 A ), 76.2 (C-2 A ), 
76.2, 74.1 (CftPh), 74.4 (C-3u), 74.1 (C-SoX 71.3 (C-5 A ), 68.6 (C-4 D ), 62.3 (C-6 D ), 56.3 (C- 
2d>, 21.1, 21.0, 20.9 (3C, OAc), 18.2 (C-6*). AnaL Calcd for C3«H4aCUNzOi3: C, 46.93 H, 
4.38 ; N, 3.04. Found C, 46.93 ; ft 4.52 ; N, 2.85. 

AUyl (2-acctamido-3^,6-tri'<>-acetyl-2-deoicy-p-D-glucopyranosyl)-(l-*2)-(3,4-di-0- 
beozyl-ti-L-rhamnopyranoside) (19). A mixture of the protected disaccharide 17 (3.0 g, 3.61 
mmoi) in MeOH (50 mL) was cold to 0°C and treated by NH 3 gaz overnight. The solution was 
concentrated and the residue (2.02 g) was dissolved again in MeOH (50 mL) and treated by 
Ac 2 0 (3.98 mL. 36.1 mol). The solution was stirred for 2 h and then concentrated. The residue 
was cluted fiom a column of silica gel with 95:5 DCM-EtOAC to give the intermediate triol 
which was dissolved in Pyridine (5 mL), cold to 0°C and treated by AciO (2.4 mL). The 
mixture was stirred overnight and concentrated. The residue was cluted fiom a column of silica 
gel with 3:2 cycIohexane-EtOAC to give 19 (2.3 g, 90 %) was obtained as a colourless foam. [ 
o] 0 -12° (e 1, CHC1,). 'H NMR (CDCfe)* 7.18-7.32 (m, 10ft Ph), 5.70-5.80 (m, lft All), 
5.40 (d, lft J im - 8.1 Hz, NH), 5.10-5.20 (m, 2ft AH), 4.96 (dd, lft J iA ~J*s = 9.5 Hz, H- 
4 D ), 4.90 (dd, IH, / w = 9.5 Hz, H-3 D ), 4.52-4.76 (m, 4H. CfliPb), 4.80 (d, 1ft J lt = 12 Hz, 
H-l A ),4.46(d, ift Ju«8.5Hz,H.tn), 4.02-4.10 (m, 2ft ^ = 4.7 Hz, 11.2 Hz, H- 

6aD, 6bo), 3.92 (m, 1ft H-2 0 ), 3.87 (m, 2ft All), 3.86 (dd, 1ft Jb - 3.5 Hz, H-2 A ), 3.82 (dd, 
IH, J,.* » 9.5 Hz, H-3/0, 3.62 (m, 1ft J v = 9.5 Hz. J fJS - 62 Hz, H-S*), 3.52 (m, 1ft H-5 0 ), 
3.30 (dd, 1ft H-4 A ), 1 .92, 1.94, 1.98 (3 8, 9ft OAc), 1.26 (d, 3ft H-6a). "C NMR (CDClj):8 
171.1, 171.0, 170.3, 169.6 (C=0), 117-138 (Ph, AH), 103.4 (C-1 D ), 98.5 (C-L0, 81.3 (C-4 A ), 
80.4 (0-3,0, 78.5 (C-2 A ). 75.9, 73.9 (CHjPh), 73.6 (C-3 D ), 72.4 (C-5 D ), 68.7 (C-4 D ), 68.2 (C- 
5a), 68.1 (All), 62.5 (C-60), 54.5 (C-2d), 23.4 (AcNH), 21.2, 21.1, 21.0 (OAc), 18.1 (C-6*). 
PABMS of C 3 ,ft7NO„ (M, 713.3), mh 736.2 ([M+Na]*) Anal Calcd for CstHwNO*: C, 
62.26 5 ft 6.64 ; N, 1.96. Found C, 62.12 ; ft 6.79 ; N, 1.87. 
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(2-acetamldo-3 I 4,6-tri-0.acetyl-2-deoxy-pM^gluc^^ 
j>ritamnopyranose) (20). 1,5-Cyclooctadifine-bKtnrthyM^ 
hexafluorophosphate (10 mg, 12 Jimol) was dissolved tetrahydrofuran (10 mL). and the 
resulting red solution was degassed in an argon stream. Hydrogen was then bubbled through 
the solution, causing the colour to change to yellow. The solution was then degassed again in 
an argon stream. A solution of 19 (830 me. 1.16 mmol) in tetrahydrofuran (40 mL) was 
degassed and added. The mixture was stirred at rt overnight. The mixture was concentrated. 
The residue was taken up in acetone (90 mL), and water (10 mL) was added. Mercuric 
chloride (475 mg, 1.75 mmol) and mercuric oxide (504 mg, 2.32 mmol) were added to the 
mixture, protected from light The mixture was stirred for 2 h at rt, then concentrated. The 
residue was taken up in CHjCU and washed three times with sat. aq. Kl, then with brine. The 
organic phase was dried and concentrated. The residue was purified by column 
chromatography (Cyclohexane-AcOEt 3:7) to give 20 (541 mg, 69 %) as a white foam; [a] 0 
+16° (e I, CHCb) l H NMR (CDCla):6 7.05-7.35 (m, 10H, Ph), 5.50 (d, IH, Jiwt °= Hz, 
NH D ), 5.22 (d, 1H, J» = 1.1 Hz. H-l.), 5.06 (dd, IH, J* - J» =* 9.5 Hz. H-4d). 5.00 (dd. 
1H J« - 9.5 Hz, H-3 d ), 4.60-4.85 (m, 4H, CJftPh), 4.56 (d, IH. = 7.0 Hz, H-ln), 4.13- 
4.22(m2H^ = 45Hz,J 4 ^ = 12.3r^^ 

= 9.5 Hz, J S « - 6.2 Hz, H5 A ), 3.96 (dd, IH, J» - 3.3 Hz, H-2 A ), 3.90 (dd. IH, J )A - 9.5 Hz, 
H-30. 3-60 (m. IH, H-5*), 3.48 (d, IH, J t , m = 3.5 Hz, OH), 3.40 (dd, IH, H-4 A ), 2.01, 2.03, 
2.08 (3s. 9H, OAc), 1.65 (s. 3H, AcNH), 1.30 (d, 3H, H-6*). n C NMR (CDCli):8 1712, 
171.0. 170.4, 169.6 (CO), 128.0-138.2 (Ph), 103.3 (C-l 0 ), 94.1 (CI*), 81.4 <C-4 A ). 79.9 
(C-2A), 78.7 (C-3*). 75.8, 73.9 (CH,Ph), 73.6 (C3 n ), 72.4 (C5„), 68.7 (C-4*), 68.2 (C-5*), 
62.4 (C6 D ), 54.5 (C2 D ), 23.3 (AcNH), 21.1, 21.0, 21-0 (3C, OAc), 18.3 (C6*). PABMS of 
C^NO,, (M, 673.2). wh 696.3 flM+Nal*) AnaL Calcd for CmHoNO,,: C, 60.61 ; H, 
6.43 ;N, 2.08. Found C. 60.46 ; H, 6.61 ;N, 1.95. 

(2-acetamido.3,4,6-M.O-ac^^ 

whamnopyrano* trichloreaeetlnudate (7). The hemiacetal 20 (541 mg, 0.80 mmol) was 
dissolved in CHjCU (20 mL). placed under ergon and cooled to 0°C. Trfcbloroacetonitrile 
(0.810 mL, 8 mmol), then DBU (10 jiL, 80 pmol) were added. The mixture was stirred at O'C 
for 1 h. The mixture was concentrated and toluene was ccevaporated from the residue. The 
residue was eluted from a column of silica gel with 1:1 cyclohexane-EtOAC and 0.2 % ofEtjN 
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to give 7 (560 mg, 86 %) as a colourless foam; {<x]d +2° (c 1, CHCJj). *H NMR. (CDCb):5 
8.56 (s. IH, N-H), 7.20-7.50 (m, 10H, Ph), 6.29 (d, IH, J i} = 1.3 Hz, H-1a), 530 (d, IH, 
Jim * 8-3 Hz, NHd), 5.17 (dd, IH, J 2J - Ji, 4 - 9.5 Hz, H-3 D ), 5.09 (dd, IH, Ji,s - 9.5 Hz. H- 
4o), 4.60-4.85 (m, 4H. CftPh), 4.68 (d, IH, Jtf " 8 -0 Hz, H-ln), 4.10-4.22 (m, 2H, Jj.« - 5.0 
Hz, Jfaja, =5 12.2 Hz. H-6^>, 6bn), 4.00 (m, 1H. H-2 D ), 3.99 (dd, 1H, J w - 3.5 Hz, H-2 A ), 3.90 
(m, IH, Jas - 9.6 Hz, / w - 62 Viz, H-5 A ), 3.89 (dd, 1H, JJ, 4 - 9.5 Hz, H-3*), 3.62 (m, 1H. H- 
5 0 ), 3.S0 (dd, 1H, H-4 A ), 1.98, 2.00, 2.02 (3s, 9H, OAc), 1.65 (s, 3H, AcNH), 1.32 (d, 3H, H- 
6 A ). ,3 C NMR. (CDC1,):5 171.2, 171.0, 170.4, 169.6 (C=0), 160.5 (C=NH), 128-138 (Ph), 
103.3 (C-1 D ), 973 (C-1 A ). 91.4 (CCb), 80.3 (C-4a), 79.9 (C-3*). 773 (C-2*), 76.0, 73.8 (2C. 
CH a Ph), 73.1 (C-3 D ), 72.2 (C-5 D ), 71.1 (C-50. 68.8 (C-4n), 62.5 (C-fc), 54.8 (C-2 D ), 23.3 
(AcNH), 21.4, 21.1, 21.0 (3C, OAc), 18.4 (C-6a). Aral. Calcd for CafajOaNzO^: C, 52.85 ; 
H, 5 JO ;N, 3.42. Found C, 52.85 ;H, 5.22 ; N, 3.47. 

AUyl (2-0-ncetyM,4-di-0-benxyl-a-^ri^ 

rhamnopyranoside) (23). The acceptor 21 (1.78 g, 4.65 mmol) and the trichloroacetimidatc 
donor 22 (2.96 g, 5.58 mmol) were dissolved in anhydrous ether (100 mL). The mixture was 
placed under argon and cooled to -55°C. TMSOTf (335 jiL, 1.86 mmol) was added dropwise. 
The mixture was stirred at -55"C to -20°C over 3 h. Triethylamme (0.75 mL) was added, and 
the mixture was allowed to warm to rt. The mixture was concentrated. The residue was 
purified by column chromatography (solvent x, 80 :20) to give 23 as a colourless syrup (3.21 
g, 92 %) ; [o] D ~W (c 0.55, CHOb). l H NMR (CDClj):8 7.30-7.42 (m, 20H, Ph), 5.82-5.92 
(m. 1H, All), 5.62 (dd, IH, J u ° 1.6 Hz, ^4 = 3.2 Hz, H-2a), 5.20-532 (m, 2H, All), 5.07 (d, 
1H, H-1a). 4.82 (d, IH, J u = 1.0 Hz, H-1 B ), 4.60-4.95 (m, 8H, CJftPh), 4.15-4.20 (m, IH, 
All), 4.09 (d, IH, J» " 3.0 Hz, H-2*), 4.05 (dd, IH. J$,t « 9.4 Hz. H-3*), 3.95-4.05 (ra, IH, 
All), 3.96 (dd, IH, J iA = 9.5 Hz, H-3 B ), 3.89 (m, 1H, J tJ - 93 Hz, At = 63 Hz, H-5a), 3.76 
(dd, IH, As - 9.5 Hz, J ifi - 6.2 Hz, H-5 B ), 3.52 (m, IH, H-4b), 3.50 (m, IH, H-4*), 2.18 (a, 
3H, OAc), 1.39 (d, 3H, H-6 A ), 136 (d, 3H, H-6b). ,J C NMR (CDClj):5 170.8 (CO), 117.1- 
138.4 (Ph, AS), 99.5 (C-1 A ), 98.4 {C-U), 80.5 (2C, C-4 Af 4 B ), 80.0 (C-3 B ), 78.1 (C-3*), 75.8, 
75.7 (CHaPh), 74.9 (C-2 B ), 72.5, 72.2 (CHjPh), 693 (C-2*), 68.6 (C-5 A ). 68.4 (C5 B ), 68.0 
(All), 21.5 (OAc), 18.4, 18.2 (2C, C-6 A , 6a). CI-MS for C*AiO M (M = 752) mfy 770 [M + 
m*Y. AnaL Calcd. for C4sHhO,o : C, 71.79 ; H, 6.96. Found C, 70.95 ; H, 7.01 . 
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FAB-MS &r C 3 ,Hj 8 O 10 (M - 830.4) m/z 853.5 [M + Na]*. Anal Calcd. for C 5 iH«Oio: C, 
73.71 ; H, ?.03. Found C, 73.57 ; H, 7.21. 

btniyRt-L-rhamnopyranose) (36). l,5-Cyclooctadiene-bis(methyldip^^ 
hexafluorcjphosphate (50 mg, 60 fimol) was dissolved tetrehydrofuran (6 mL), and the 
resuhing ijed solution was degassed in an argon stream. Hydrogen was then bubbled through 
the solution, causing the colour to change to yellow. The solution was then degassed again in 
an argon jstream. A solution of 35 (4.23 g, S.09 ramoi) in tetrahydrofiiran (24 mL) was 
degassed land added. The mixture was stirred at rt overnight. The mixture was concentrated. 
The residue was taken up in acetone (45 mL), and water (S mL) was added. Mercuric chloride 
(2,07 g, 7*63 mmol) and mercuric oxide (2.2 g, 10.2 mmol) were added to the mixture, 
protected; from light. The mixture was stirred for 2 h at rt, then concentrated. The residue was 
taken up in CH2CI2 and washed three tunes with sat aq. KE, then with brine. The organic phase 
was driid and concentrated. The residue was purified by column chromatography 
(Cyclohe|cane-AcOEt 4;1) to give 36 (2.97 g, 73 %) as a white foam; [a]n +8° (c 1, CHCb). 
'H NMR!(CDCl3):S 7.25-7.40 (m, 20H, Ph), 6.73-7.18 (m, 4H, Ph), 5.12 (d, 1H, S u < 1 .0 Hz, 
H-1 A ), 5|05 (d, lH f Jit < 1.0 Hz, H-1 B ), 4.40-4.80 (m, 10H, PhCH,), 4.08 (dd, IH, Jb - 3-0 
Hz, H-2,}), 3.80-3,90 (tn, 2H, J iA te As 555 9.5 Hz, J h$ « 6.1 Hz, H-3 B , 5 B ), 3.78-3.80 (m, 2H, 
J iA = 34 Hz, A* - 9.4 Hz, - 6.1 Hz, H-2 A , SjJ, 3.73 (m, 1H, J w - 9.4 Hz, H-3 A ), 3.72 (s, 
3H, OCH,), 3.60 (dd, 1H, H-4 A ), 3.33 (dd. IH, H-4 B ), 1.34 (d, 3H, H-6a), L24 (d, 3H, H-6 B ). 
,3 C KMk (CDCfe):5 113.2-t29.8 (Ph), 99.1 (C-1 A ), 93.8 (&1 B ), 80.7 (C-4 A ), 80.3 (C-4s), 
79.7 (C-)3 B ), 79.2 (C-3 A ), 75.5, 75,4, 72.6, 72.S, 72,4, (PbCH»), 74.2 (C-2 A ), 74.1 (C-2 B ), 68.5 
(C-5*), <S8,1 (C-5b), 55.3 (OCH*), 18,1 (2C, C-6 A , 6 B ). FAB-MS for GuHuOu (M = 790.4) 
m/z 813.4 \M + Na] f , Anal, Calcd. for QsH^Oio: C, 72.89 ; H, 6.88, Found C> 72.86 ; 
H, 6.98, 
. 

(3,4^i-;0-benzyl-2-O-pEriunethoxy^^ 

beajsyl-jcwt,- rhamnopymnose trfchloroflcetimidite (37), Ths hemiacetal 36 (2.1 g, 2.66 
mmol) was dissolved in CH2G3 (20 mL), placed under argon and cooled to 0°C. 
Trichloroacetonitrile (2.7 mL, 26 mmol), then DBU (40 pL, 0.26 mmol) were added. The 
mixture was stirred at 0°C for 30 rain. The mixture was concentrated and toluene was co- 
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evaporated from the residue. The residue was eluted from a column of silica gel with 8:2 
cyclohexane-EtOAC and 0.2 % Et 3 N to give 37 (2.03 g, 82 %) as a colourless foam; fct] D -10° 
(c 1, CHC1,). l HNMR (CDC1,):8 8.50 (a, IH, t>NH), 7.05-7.25 (m, 20H, Ph), 6.62-7.05 (nt, 
4H, Ph), 6.08 (d, 1H, / u < 10 Hz, H-b), 5.10 (d, IH, J» < 1.0 Hz, H-1a% 4.40-4.80 (m, 
10H, PhCH,), 4.10 (dd, 1H, Jy* = 3.0 Hz. H-2 B ), 3.80-3.90 (m, 4H, H-3 B , 2a, 3 a< S a ), 3.72- 
3.80 (m, IH, H-S B ), 3.72 (a, 3H, OCHj), 3.63 (dd. IH, J iA - 7« - 9.5 Hz, H-4a), 3.42 (dd. 
1H. /j,< - J* s = 9.5 Hz, H-4 B ), 130 (d, 3H, H-6b), 1.25 (d, 3H, H-6 A ). ,J C NMR (CDCI,):8 
161.1 (C=NH). 113.4-129.5 (Ph), 99.6 (C-1 A ), 97.0 (C-1 B ), 80.6 (CM*), 79.6 (C-4a), 79.3 
(2C, C-3 A , 3 b ), 75.7, 75.5. 72.8, 72.3, 72.0, (PhCHj), 74.4 (C-2a), 72.6 (C-2 B ), 71.1 (C-5aX 
68.9 (C-5 B ), 55.3 (OCH,), 18.1 (2C, C-6a, 6 8 ). Anal Calcd. for CjoH«C1sNOio : C, 64.21 ; H. 
5.82; N, 1 .50. Found C, 64.67 ; H, 6.01; N, 1.28. 

AUyl (3i4-di-0-benzyl-2-0-chloroacetyl-a-L-rh»mnopyranosyl)-(l->2)-(3,4-di-0-beiizyl- 
a-whamnopyranoside) (32). To a mixture of 24 (3.8 g, 5.35 mmol) in pyridine (40 mL) was 
added chloroactic anhydride (1 .83 g, 10.7 mmol) at 0°C. The solution was stirred overnight at 
0°C. MeOH (10 mL) was added and the mixture was concentrated. The residue was eluted 
from a column of silica gel with 95:5 cyclohexane-acctone to give 32 (2.4 g, 57 %) as a 
colorless syrup; [afc -15° (c 1, CHClj). l H NMR (CDCfc):8 7.15-7.30 (m, 20H, Ph), 5.71-5.81 
(m, 1H. AID, 5.49 (dd, 1H, Jb - 1.7 Hz, Jb - 3.2 Hz. H-2*), 5.08-5.20 (m, 2H, All), 4.90 (d, 
1H, H-1a), 4.50-4.84 (m, 8H, PhCHj), 4.65 (d, 1H, < 1.0 Hz, H-1 B ), 3.85-4.04 (m, 2H, 
All). 4.02 (m, 2H, CHjO), 3.93 (dd, IH, Jfc - 3.0 Hz, H-2b). 3.88 (dd, 1H, J» - 9.5 Hz, H- 
3 A ), 3.81 (dd, IH, J iA = 9.5 Hz, H-3 B ), 3.62 (m, IH, Ji* = 9.0 Hz. J lfi - 6.1 Hz, H-5 B ), 3.73 
(m, 1H. J< s - 9.5 Hz, J sjt m 62 Hz, H-5a), 3.34 (dd, IH, H-4,0, 3.30 (dd, IH, H-4a), 1.22 (d, 
3H, H-6a), 1.21 (d. 3H,H.68). U C NMR (CDCfe)* 166.9 (C=0), 117.2-138.5 (Ph, All), 99.2 
(C-1a), 982 (C-1b). 80.4 (C-4a), 80.3 (C-3 B ), 80.2 (C-4 3 ), 77.9 (C-3a), 75.8, 75.7, 72.6, 72.4 
(PhCH 2 ), 74.9 (C-2 B ), 71.2 (0-2*), 68.6 (C-5a), 68.4 (C-S 8 ), 68.0 (All). 41.3 (CH 2 CI), 18,3 
(2C, C-6a, 6 s ). FABMS of C«H5,C10,o (M, 786 3), mlz 809.3 ([M+Na]*). Anal. Calcd for 
C4 S Hj,ClO, 0 : C, 68.65 j H, 6.53. Found C, 68.51 ; H, 6.67. 

(3,4^i.O-benzyI-2-0-chloroacctyJ-a-L-rhanmopyraDOsyl)-(l->2)-(3,4-di-0-bcnzyl.a/p-L- 
rhamnopyranosc) (33). l,S«(^clooctadiene-bis(me1hyl&pnenyfc^ 
hexafluorophosphate (40 mg, 46 umol) was dissolved tetrahydroforan (7 mL), and the 
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lesulting red solution was degassed in an argon stream. Hydrogen was then bubbled through 
the solution, causing the colour to change to yellow. The solution was then degassed again in 
an argon stream. A solution of 32 (2.39 g, 3.04 mmol) in tetrahydrofUran (18 mL) was 
degassed and added. The mixture was stirred at rt overnight. The mixture was concentrated. 
The residue was taken up in acetone (30 mL), and water (5 mL) was added. Mercuric chloride 
(1.24 g, 4.56 mmol) and mercuric oxide (1.3 g, 6.08 mmol) were added to the mixture, 
protected from light. The mixture was stirred for 2 h at rt, then concentrated. The residue was 
taken up in CHjClj and washed three times with sat. aq. KI, then with brine. The organic phase 
was dried and concentrated. The residue was purified by column chromatography 
(Cyclohexane-AcOEt 4:1) to give 33 (1.91 g, 84 %) as a white foam. [a] 0 -2° (c 1, CHCb). 'H 
NMR (CDCU):6 7.10-7.40 (m, 20H, Ph). 5.49 (dd, 1H, S M = 1.7 Hz, Ji, 3 - 3.2 Hz, H-2 A ), 
4.99 (d, 1H, / u < 1.0 Hz, H-U). 4.90 (d, IH. H-IO, 4.45-4.85 (m, 8H, PhCHj), 4.01 (m, 2H, 
CfhO), 3.93 (dd, IH, J u - 3.0 Hz, H-2 B ), 3.90 (dd, IH, J M = 9.3 Hz, H-3,0, 3.84 (dd, 1H, 
Jia, - 9.0 Hz, H-3 B ), 3.81 (m, IH. J 4<s = 9.0 Hz, J, fi = 6.2 Hz, H-5 B ) } 3.72 (m, IH, J*j = 9.5 
Hz, J SA m 6.2 Hz, H-Sa), 3.33 (dd, IH, H-4 B ), 3.30 (dd, IH, H-4*), 2.81 (d. IH, fan - 3.4 
Hz, OH), 1.22 (d, 3H, H-6 A ), 1.20 (d, 3H, H-6b). u C NMR (CDCb):8 167.0 (OO), 127.2- 
138.5 (Ph), 99.1 (C-1 A ), 93.9 (C-1 B ), 80.3 (C-4 B ), 80.2 (C-4 A ), 79.7 (C-3 B ), 77.8 (C-3 A ), 75.8, 
75.7, 72.6, 72.4 (PhCHj), 75.0 (C-2 3 ), 71.1 (C-2*), 68.6 (CS*), 68.4 (C-5 B ), 41.3 (CHiCl), 
18.1 (2C, C-6*, 6 b ). FABMS of C«H* 7 C10|o (M, 746.3), m/z 769.3 tfM+Na]*). Anal. Calcd 
for C4iH4 7 C10 ie : C, 67.51 ; H, 6.34. Found C, 67.46 ; H, 6.39. 

(3,4-di-(7-benzyl-2-0-chloroacctyNa-^rhamnopyranosyi)-(l-->2)-3,4-di-0-benzyl-a-L- 
rtamnopyranose tiichloroacetimidate (34). The hemiacetal 33 (1.80 g, 2.41 mmol) was 
dissolved in CH 2 Clj (25 mL), placed under argon and cooled to 0°C. Trichloroacctonitrile (2.4 
mL, 24 mmol), then DBU (35 pL, 0.24 mmol) were added. The mixture was stirred at 0°C for 
40 min. The mixture was concentrated and toluene was co-evaporated from the residue. The 
residue was eluted from a column of silica gel with 4: 1 cyclohexane-EtO AC and 0.2 % EtjN to 
give 34 (1.78 g, 83 %) as a colourless fbam; [a] B -12" (js 1, CHCfe). 'H NMR (CDCI 3 ):S 8.60 
(s, IH, C=NH), 7.30-7.50 (m, 20H, Ph), 6.21 (d, IH, 7 U - IJ Hz, H-1 B ), 5.63 (dd. IH, A j - 
1.5 Hz, J» » 3.2 Hz, H-2a), 5.07 (d, IH, H-1 A ), 4.65-5.00 (m, 8H, PhCHj), 4.19 (m, 2H. 
CHjCl), 4.09 (dd, IH, 7 W - 3.2 Hz, H-2 8 ), 4.04 (dd, IH. J 3A « 9.0 Hz, H-3b), 3.95 (m, 3H, 
H-3*. 5a, 5 b ), 3.58 (dd, IH. H-4 A ), 3.48 (dd, IH, H-4b). 1.39 (m, 6H, H-6*. 6 B ). U C NMR 
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(CDC1,):8 167.1 (CO), 160.7 (C=N), 127.0-138.3 (Ph), 99.4 (C-Ia), 97,5 (C-1 B ). 91.4 
(CClj), 80.1 (C-4b), 80.0 (C-4a), 79.2 (C-3a), 77.9 (C-3 B ). 75.9, 75.8, 73.0, 72.6 (PhCHi), 
73.7 (C-29), 71.4 (C-2a), 71.2, 68.9 (2C, C-5 A , 5 B ), 41 J (CHjCl), 18.4, 18.2 (2C. C-6 A , 6b). 
Anal Calcd for ChH^CUNOjo: C, 59.27 ; H, 5.31 ; N, 1.57. Found C, 59.09 ; H, 5.49 ; N, 
1.53. 

AHyl (3,4,6-tri-f?-acetyl-2-deosy-2-trichloroacelamido-p-D-glucopyranogyI)-(l-^2)-(3,4- 
di-0-benzyI-a-L-rhamnopyranosyl)-(l-*2)-3,4-dl.O-benzjI-a-L-rhamnopyraBOslde (26). 
1,2-Dichloroethane (35 mL) was added to the iriohloroacetimidate donor 16 (2.49 g, 4.20 
nunol), the acceptor 24 (2.48 g, 3.50 mmol) and 4A-MS powder (4 g). The mixture was 
stirred for 1.5 h ar rt under argon. The mixture was cooled to -20»C and TMSOTf (230 pL, 
1 .26 mmol) was added. The temperature was allowed to rise to 0°C over 1 h, and the mixture 
was stirred for an additional 2 h at this temperature. Triethylanune (0.5 mL) was added and the 
mixture was allowed to warm to rt. The mixture was diluted with CH 2 Clj and filtered. The 
filtrate was concentrated. The residue was purified by column chromatography with 3 :1 
cyclohexane-MOEt to give 26 (3.83 g, 96 %) as a colourless amorphous solid ; [a] D -6° (c 
0.5, CHClj). l H NMR (CDCfe) : 6 7-28-7.52 (m. 20H, Ph), 6.83 (d, 1H, Ji^t ■ 8.4 Hz, NH), 
5.85 (m, 1H, AH), 5.09-5.26 (m, 4H, H-3o, 4o, All), 4.98 (d, IH, Jx» - 1.4 Hz. H-U), 4.58- 
4.98 (m, 10H, H-l 8 , lo> CftPh), 4.08 (m, 4H, H-2*, 2p, 68b, All), 3.91 (m, 5H, H-2 B , 3a, 3 b , 
6bo, Ail), 3.79 (m, 2H, H-5 A , 5 B ), 3.45 (m, 3H, H-4 A , 4a, 5 D ), 1.97, 2.02, 2.04 (3s, 9H, OAc), 
1 JO (m. 6H, H-6 A , 6a). ,3 C NMR (CDOj) : 8 170.6, 170.3, 169.1, 163.2, 161.6 (C=0), 
138.4-1 17.1 (Ph, All), 101.3 (C-1 D ), 100.9 (CM*), 97.6 (C-1 B ), 92.0 (CCIj), 80.9, 80.4 (2C, 
C-4 A , 4 b ), 79.1, 79.0 (2C, C-3 A , 3 B ), 77.3 (C-2a). 76.5 (C-2 a ). 75.4. 75.2, 73.6 (CHsPh). 72.2 
(C-3 P ), 71.9 (C-5 0 ), 71.6 (CH 2 Ph), 68.2 (C-5 B *), 67.8 (C-4„), 67.5 (C-5 A *), 67.5 (CH 2 0), 
61.3 (C-6b), 55.7 (C-2d), 20.5 (OAc), 17.9, 17.7 (2C, C-6a, 6s). FAB-MS for CsjHmOjNOjt 
(M - 1 141.3) m/s 1 166.3, 1164.3 [M + Na]*. AnaL Calcd. for CwHisCfeNOn: C, 59.87 ; H, 
5.82 ; N, 1.22. Found C, 59.87 ; H, 5.92 ; N, 1.16; 

Allyl (3,4,6-tri-a-acetyl-2-deoxy-2-tetr B chIorophthalimido-P-l>-glucopyranosyl)-(l-^2)- 
(3,4-di-0-benzyKa-L-rhamaopyranosyl)-(l->2)-3,4-di-<>-benzyl-a-L-rhamnopyranoside 
(28). Anhydrous ether (30 mL) and CHjClj (15 mL) were added to the tricbloroacetimidate 
donor 25 (3.34 g, 4.66 mmol), the acceptor 24 (2.20 g, 3.10 mmol). The mixture was cooled 
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to 0°C and TMSOTf (85 nL, 0.466 mmol) was added dropwise. The mixture was stined at 
0°C for 1 h, then at rt for 3 h. Triemylamine (1 mL) was added and the mixture was stirred for 
10 nun., then concentrated. The mixture was taken up in ether and the resulting precipitate was 
filtered oft The filtrate was concentrated. The residue was purified by column chromatography 
with 7:3 cyclobexane-AcOEt to give 28 (2.57 g, 65 %) as a colourless amorphous solid ; [<x]d 
+22° (c 1, CHCb). 'H NMR (CDCU) : 6 7.16-7.42 (m, 20H, Ph), 5.91 (dd, IH, H-3 D ), 5.81 
(m, IH, All), 5.10-5.24 (m, 4H, H-Id, 4 d , All), 4.93 (s, IH, H-1 A ), 4.53-4.81 (m, 5H, H-1 B , 
CHjPh), 4.23-4.45 (m, 5H, H-2 D , CHjPh), 4.05 (m, 2H, H-6ao, AH), 3.58-3.91 (m, 8H, H-2 A , 
2 B) 3 A , 3 B . 5 a , 5 B , 6bp, All), 3.38 (m, IH, H-5 D ), 3.13-3.21 (m, 2H, H-4 A , 4 B ), 2.00, 2.02, 2.05 
(3s, 9H, OAc), 1.24 (m, 6H, H-6* 6b). u C nmR 8 170.4, 169.3 (C=0), 117.1-138.4 (Ph, 
All), 101.1 (C-U). 99.9 (C-lo), 97.7 (C-1 B ), 80.6 (2C. C-4^ 4 fl ), 78.9, 79.7 (2C, C-3 A , 3 B ), 
78.2 (C-2/0, 76.3 (C-2 B ), 75.2, 75.1. 72.6, 71.3 (CH,Ph), 71.2 (C-5 0 ), 70.1 (C-3d), 68.4 (C- 
5b*), 68.4 (C-4d), 67.6 (C-5 A *). 67.6 (All), 61.3 (C-6 D ), 55.4 (C-2d), 20.6 (OAc), 18.0, 17.6 
(2C, C-6 A , 6b). FAB-MS for Q,H«sCUNOii (M - 1263.3) mfz 1288.4, 1286.4 [M + Na]*. 
Anal. Calcd. for QjHjsCUNOu : C. 59.77 ; H. 5.17 ; N, 1.11. Found C, 60.19 ; H, 5.53 ; N, 
1.18. 

AUyl ^-acetamido-2-deoi^-|l-D-glucopyrano8yi)-(l-^2)-(3,4-di-0-beuizyl-a-L- 
rhanmopyranosyI)-(l->2)-3 ( 4-di-0-benzyl-a-L-rhamnopyranoside (27). The trisaccharide 
26 (1.71 g, 1.50 ramol) was dissolved in MeOH (20 mL). A 1M solution of sodium methoxide 
in methanol (9 mL) and triethylamine (5 mL) were added, and the mixture was stirred at rt for 
1 8 h. The mixture was cooled to 0°C and acetic anhydride was added dropwise until the pH 
reached 6. A further portion of acetic anhydride (0.4 mL) was added, and the mixture was 
stined at rt for 30 nun. The mixture was concentrated, end toluene was co-evaporated from 
the residue. The residue was purified by column chromatography with 95 :5 DCM-MeOH to 
give 27 (623 mg, 45 %) as a colourless amorphous solid ; [cc] D -16° (c 0.5, CHCb). l H NMR 
(CDClj) : 8 7.24-7.48 (m, 20H, Ph), 6.79 (d, IH, NH), S.73 (m, IH, Alt), 5.12 (m, 3H, H-l A , 
All), 4.52-4.86 (m, 9H, H-1 B , CH,Pb), 4.34 (d, IH, H-1 D ), 3.79-4.08 (m, 6H, H-2 A , 2 8 , 3 A . 3a, 
All), 3.53-3.74 (m, 3H, H-5* 5a, 63d). 3.24-3.45 (m, 6H, H-2 D , 3 B , 4 A , 4 B , 4d, 6bo), 3.20 (m, 
1H,H-5 D ), 1.46 (S.3H, OAc), L24(n!.eH,H-6u6 B ). "CtfMRS 173.6 (C=0), 117.3-137.4 
(Ph, All), 103.2 (C-1 D ), 100.3 (C1 A ), 97.9 (C-1 D ), 81.3, 80.4 (2C, C-4 A , 4 B ), 79.9 (2C, C-3a, 
3 B ), 79.9 (C-2 B *), 78.9 (C-3 D ), 75.7 (C-5 D ), 75-6 75.3, 74.5 (CHjPh), 73-6 (C-2 A *). 72.5 
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(CH,Ph), 71.9 (C-4d>> 68.2, 68.0 (2C, C-5 A , 5 B ), 67.7 (CHaO), 62.5 (C-6 D ), 58.8 (C.2 D ), 22.3 
(OAc), 18.0,17.8 (2C, C-6 Af 6 B ). FAB-MS for C5iH tf3 NO M (M = 913.4) m/z 936.6 [M + Na]\ 
AnaL Caled, for CjiHwNOhJHjO ; C, 65.72 ; H, 7,03 ; N, 1.50. Found C, 65.34 ; H, 703 ; N, 

1.55. 

Allyl (2-aoetamido-3,4,6-tri-^acetyI-2-deoxy~p-D^^ 

bcnzyNa-L-rhamnopyranoayO-Cl^l^^-di-O-bcnzyNa-Urhamnopyranoftide (27). (a) 
Pyridine (5 mL) was added to 27a (502 mg, 0.55 mmoL) and the mixture was cooled to 0°C 
Acetic anhydride (3 mL) was added. The mixture was stirred at rt for 18 h- The mixture was 
concentrated and toluene was co-evaporated from the residue. The residue was taken up in 
CHaCIj and washed successively with 5% aq HCI and saturated aq NaHC0 3 . The organic 
phase was dried and concentrated to give 27 (538 mg, 94 %) as a colourless fbam. 
(b) Tetrahydrofuran (3 mL) and etbanol (3.3 mL) were added to 28 (384 rag, 0.303 mmol). 
Ethylenediamine (90 |iL, 1.36 mmol) was added and the mixture was heated at 55°C for 4 h. 
The mixture was allowed to cool to rt. Acetic anhydride (1.0 mL) was added, and the mixture 
was stirred at rt for 1.5 k The mixture was concentrated. The residue was taken up in pyridine 
(5 mL) and the mixture was cooled to 0°C. Acetic anhydride (2.5 mL) was added. The mixture 
was stirred at rt for 18 & The mixture was concentrated and toluene was co-evaporated from 
the residue. The residue was taken up in CH^Ck, which caused the formation of a white 
precipitate. The mixture was filtered through a plug of silica gel, ehrting with 7:3 Cyolohexane- 
acetone. The filtrate was concentrated to give 27 (215 mg, 68 %) as a colourless foam ; [a]x> - 
1* (c 0.5, CHCt). 'H NMR (CDCfe) : 8 7.24-7.48 (m, 20H, Ph), 5.84 (m, 1H, All), 5.53 (d, 
1H, NH), 5 .19 (m, 2H, All), 5.03 (dd, 1H. H-4 D ) f 4.98 (m, 2H, H-U, 3*), 4.S4-4.95 (m, 10H, 
HU B , 1 0 , CftFh), 4.07 (m, 4H, H-2 A , 2 D , 6a D , AH), 3.88 (m, 5H, H-2 B , 3 A , 3 Bt 61*>, AD), 3.79, 
3.68 (2m, 2H, H-5 A , 5 B ), 3.42 (m, 3H, H-4 A , 4a, 5 D ), 2.02, 2.01, 1.97. 1.64 (4s, 12H, OAc), 
1.30 (m, 6H, H-6 A , 6 B ). 13 C NMR (CDCls) S 170.7, 170.4, 169.9, 169.1 (OO), 117.1-138.5 
(Ph, All), 102.9 (Cl 0 ), 101.2 (Oix), 97.7 (<M B ), 81.0, 80.5 (2C, C-4 A , 4 B ), 79.5, 79.1 (2C, 
C-3^ 3 B ), 78.2 (C-2 A ), 76.1 (C*2 B ), 75.5, 75.2, 73.6 (CH*Ph), 73.3 (C-3 D ), 71.9 (C-5 D ), 71.7 
(CHaPh), 68.3 (C-5 A *)> 68.0 (C-4 D ), 67.6 (OS B *), 67.6 (CH 2 0), 61.6 (C-6 D ), 54.1 (C-2 D )» 
22.9 (AcNH), 20.6 (OAc), 18,0, 17.7 (2C, C-6 A , 6s). FAB-MS for C57H69NO1T (M « 1039.5) 
m/z 1062.4 {M + Na]*. Anal. Calcd. for CsiB^On: C, 65.82 ; H, 6.69 ; N, 1.35. Found 
C, 65.29 ;H, 6.82 ;N, 1.29. 
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L.rh«mnopyrano 8 yI)K1^2)-3.^ di ^.be B 2y!-o/p-L-rhamnopyniiiose (29). 1.5- 
Cyctooctadiene-bisCn^myldi^ (30 mg, 35 umol) 

was dissolved tetrahydrofuran (5 mL), and the resulting ted solution was degassed in an argon 
stream. Hydrogen was then bubbled through the solution, causing the colour to change to 
yellow. The solution was then degassed again in an argon stream. A solution of 27 (805 mg, 
0.775 mraol) in tetrahydrofuran (10 mL) was degassed and added. The mixture was stirred at 
rt overnight The mixture was concentrated. The residue was taken up in acetone (15 mL), 
and water (1.5 mL) was added. Mercuric chloride (315 mg, 1.16 mmol) and mercuric oxide 
(335 mg. 1.55 mmol) were added to the mixture, protected from light. The mixture was stirred 
for 1 h at rt, then concentrated. The residue was taken up in CH s Cfe and washed three tunes 
with sat. aq. B, then with brine. The organic phase was dried and concentrated. The residue 
was purified by column chromatography with 4 :6 AcOEi-cyclohexane to give 29 (645 mg, 83 
%) as a white foam. The 'H NMB. spectra showed the a :p ratio to be 3.3 :l ; [ak +3° (e 0.5, 
CHCfe). l H NMR (CDCU) a-anomer : 8 7.30-7.47 (m. 20H, Ph), 5.53 (d, 1H, NH), 5.17 (d, 
1H, Ju - 1.9 Hz, H-1b), 5.08 (m, 1H, H-4 D ), 5.03 (d. 1H, J„ = 1.5 Hz. H-1a), 4.99 (m, 1H, 
H-3 D ), 4.62-4.92 (m. 8H, CH,Ph), 4.60 (d, IH, J„ = 8.4 Hz, H-l 0 ). 4.01-4.18 (m, 3H, H-2 A , 
2 & 6ao), 3.90-3.97 (m, SH, H-2 B , 3„ 3 B . Sk\ 61*), 3.83 (m, 1H, H-S B *), 3.37-3.45 (m, 3H, 
H-4 A , 4 B , 5 d ), 2.04, 2.03, 1.99, 1.68 (4s, 12H, OAc, AcNH), 1.32 (m, 6H, H-6 A , 6a). U C 
NMR (CDCU) 8 170.7. 170.4, 169.9. 169.1 (OO), 129.3-138.5 (Ph), 1033 (C-l„), 101.6 (C- 
1a), 93.9 (C-1 B ), 81.5, 80.8 (2C, C-4 A , 4b), 79.9, 78.9 (2C, C-3 A , 3 B ), 78.6 (C-2 A ), 76.8 (C- 
2b), 76.0, 75.5, 74.0 (CHaPh), 73.7 (C3 D ), 72.4 (C-5 D ), 72.2 (CHaPh), 68.7 (C-5 A *). 68.S (C- 
4 D ), 68.2 (C5 B *), 62.0 (C-6o), 54.6 (C-2 D ), 23.4 (AcNH), 21.1 (OAc), 18.5, 18.1 (2C, C-6 A> 
6,). FAB-MS for C*H„NO l7 (M = 999.4) m/z 1022.5 [M + Ntf. Anal Calcd. for 
C*HmNO„ ; C, 64.85 ; H, 6.55 ; N, 1.40. Found C, 64.55 ; H, 7.16 ; N, 1.15. 

(2-acetamid<H3,4,6.tri-0.a«^ 

i^rhamnopyranosyl)-(l->2)^,4-di-0-beii?ylMi/B-L-rhamnopyfanosyl 
trichtoroacetimidata (13). The hemiacetal 29 (595 mg, 0.59 mmol) was dissolved in CHjCb 
(10 mL), placed under argon and cooled to 0 9 C. Trichloroacetonitrile (0.6 mL, 6 mmol), then 
DBU (10 uL, 59 umoD were added. The mixture was stirred at 0°C for 20 mla, then at rt for 
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20 nun. The mixture was concentrated and toluene was co-evaporated fiom the residue. The 
residue was purified by flash chromatography with 1:1 cyclohexane-AcOEt and 0.2 % of EtjN 
to give 13 (634 mg, 94 %) as a colourless foam. The *H NMR spectra showed the o :|J ratio to 
be 10 :1. [o] D -20° (c I, CHC1,). l HNMR (CDCfe) a-anomer : 6 8.47 (s, IH, ONH), 7.20- 
7.38 (m, 20H, Ph), 6.10 (d, IH, J* - 1.3 Hz, H-1 B ), 5.40 (d, 1H, NH), 5.01 (m, IH, H-4o), 
4.95 (d, 1H, J w - 1.2 Hz, H-1 A ). 4.89 (m, IH, H-3 D ), 4.55-4.85 (m, 9H, H-1 D . CHzPh), 4.07 
(dd, 1H, H-6ao), 4.03 (m, 1H, H-2*), 3.97 (m, 1H, H-2 D ), 3.91 (dd, IH, H-6bo), 3.71-3.85 (m, 
5H, H-2„, 3^ 3 B , S Ai 5b). 3.31-3.45 (m, 3H, H-4* 4b, 5 d ), 1.58, 1.91, 1.96, 1.99 (4s, 12H, 
OAc, AcNH), 1.26 (m. 6H, H-6 A , 6b). u C NMR (CDCU) 5 171.1, 170.9, 170.3, 169,6 (C=0), 
160.6 (C-NH), 128.1-138.6 (Ph), 103.3 (C-lo). 101.6 (C-l*), 96.9 (C-1 B ), 91.3 (CO,), 81.4, 
80.2 (2C. C-4a, 4 B ), 79.9, 78.5 (2C, C-3 Af 3»), 78.3 (C-2 A ), 75.9 (CH,Ph), 75.0 (C-2 B )» 73.7 
(CHjPh), 73.7 (C-3 D ), 72.4 (CHaPh), 72.4 (C-5 D ), 71.0, 69.0 (2C, C-S A , 5 B ), 68.5 (C-4 D ), 62.1 
(C-6 D ), 54.6 (C-2 D ), 23.4 (AcNH), 21.1 (OAc), 18.5,18.0 (2C, C-6 A , 6 fl ). Anal. Calcd. for 
CwHssCljNjOn: C, 58.77 ; H, 5.72 ; N, 2.45. Found C, 58.78 ; H, 5.83; N, 2.45. 

AUyl (2.*cetamldc^,4,6-tri-0.acctyl.2^eozy-^^ 

benzyl-a-l^rtamnopyranosylM1^2MV^ 
p,3,4 t 6.tttra-0-beii2yl-a-D-glucopyran^ 

(S). Anhydrous ether (5 mL) was added to the donor 13 (500 mg, 0.437 mraol) and the 
acceptor 11 (242 mg, 0.29 xnmol) and powdered 4A-MS. The mixture was placed under argon 
and cooled to 0°C. Boron trifluoride etherate (415 uL, 3.27 mmol) was added. The mixture 
was stirred at 0°C for 1 h, then at rt for 18 h. The mixture was diluted with CHjCl, and 
tricthyhmine (I mL) was added. The mixture was filtered through a pad of Celite and the 
filtrate was concentrated. The residue was purified by column chromatography with 3:2 
cyclohexane-AcOEt to give, in order, the acceptor 11 (132 mg, 54 %), 5 (231 mg, 44 %) and 
the henuacetai 29 (129 mg, 29 %). The desired pentasaccharide 5 was obtained as a colourless 
foam; {a] D +10° (c 1, CHCU). 'H NMR (CDCU): 5 7.09-8.02 (m, 45H, Ph), 5.92 (m, 1H, 
AH), 5.65 (d, IH, NH). 5.37 (m,lH, H-2c), 5.19 (m, 2H, All), 5.13 (bs, IH, H-1 A ), 4.35-4.96 
(m, 15H, H-Ib, lc Id. U, 2 b , 3„, 4 D , CHjPh), 4.17 (m, 2H, H-2 A , All). 3.87-4.04 (m, 8H. H- 
2 3j 3a, 3c. 3 e , 5 a , S e , 6a D , All), 3.63-3.81 (m, 7H, H-3 B . 4c, 4 E , 5 C , 6a& 6de, 6b„), 3.59 (m, 
IH, H-5 B ). 3.43 (m, 3H, H-2 E , 4 A , 5d), 3.28 (t, IH, H-4 B ), 1.66, 1.71. 1.99, 2.01 (4s, 12H, 
OAc, AcNH), 1.34 (m, 6H, H-6^ 6 C ), 1.00 (d, 3H, H-6b). "C NMR (CDCla): 8 170.5, 170.0, 
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169.3, 165.8, 163.5 (C=0). 117.6-138.7 (Ph. All), 102.7 <C-1 D ), 100.8 <2C, C-1 A , l s ), 98.1 
(Cl e ), 95.9 (C-Lc), 81.8 (C-3e), 8i.2 (2C, C-2 B , 4a), 80.0 (C-4b), 79.7 (2C, C-3 A , 3 C ), 78.2 
(C-3a), 77.7 (C-2a), 77.3 (2C, C-4c, 4b), 75.6, 75.4, 74.9 (CHjPh), 74.3 (C-2b), 73.8 
(CHjPh), 73.7 (C-3 D ), 72.8 (CHjPh), 72.3 (C-2c), 72.1 (C-5 D ), 71.S (C-5b), 70.2 (CHjPh), 
68.5 (C-5 B ), 68.4 (C-S A , CH 2 0), 68.2 (C-4p), 67.9 (C-6e), 67.4 (C-Sc), 61.8 (C-6d), 54.3 (C- 
2 D ), 23.1 (A6NH), 20.7, 20.6, 20.4 (OAc), 18.6 (C6 A ), 18.0 (C-6e), 17.8 (C-6b). FAB-MS for 
ChmHuiNQjj (M - 1812.1) jm/S: 1836.2, 1835.2 [M + Na]*. Anal Calcd. for GwHwNOa*: C, 
68.90 ; H, 6.50 ; N, 0.77. Found C, 68.64 ; H, 6.66 ; N, 1.05. 

AHyl (3^t-di-0-beazyI-2-0-chtoroacetyl-a-L-rbamnopyranogyI)-(l-42)^ l 4-di-C7-beoz}'I- 
a-L-rhamnopyrano»yl)-<l->3)-(2,3,4,6-t<rtra-0-bcn2yl-a-D-eIucopyranojyl.(l-»4)-].2-0- 
benzoyl-a-L-rhaamopiyranoslde (38). A mixture of alcohol 11 (212 mg, 0.255 mmol) and 
imidate 34 (270 mg, 0.33 mmol) in anhydrous EtjO (4 mL) was stirred for 15 nun under dry 
At. After cooling at -60°C, MesSiOTf (30 jiL. 0.166 mmol) was added drop-wise and the 
mixture was stirred overnight and allowed to reach it. Triethylamine (120 |iL) was added and 
the mixture was concentrated. The residue was elated from a column of silica gel with 7:1 
cyclohexane-EtOAc to give 38 (86 mg, 22 %) as a foam; [o] D +5° (c 1, CHClj). l H NMR 
(CDCfe):& 6.95-8.00 (m, 45H, Ph), 5.80-6.00 (m, IH, All), 5.56 (dd, 1H, H-2 A ), 5.40 (dd, 1H, 
Jxt < 1.0 Hi. J 23 = 3.0 Hz, H-2 C ), S.20-S.37 (m, 2H, All), 5.08 (d, IH, J,. t = 3.2 Hz, H-la), 
5.04 (d, IH, Jw < 1.0 Hz, H-1a). 5.00 (d, 1H, / w < 1.0 Hz, H-I B ), 4.99 (d, 1H, H-l c ). 4.30- 
4.90 (m, 16H, CHiPh), 4.35 (dd, IH, J w * 3.0 Hz, H-2 B ), 4.14 (dd, IH, / M = 9.5 Hz, H-3 C ), 
4.03 (dd, 1H, J v =^,4 * 10.0 Hz, H-3„), 3.90-4.20 (m, 2H, All), 3.75-4.00 (m, 4H, CIAc, H- 
6aE. 6W), 3.96 (dd, IH, H-3*), 3.95 (m, IH, H-Sa), 3.95 (dd. IH, H-5 8 ), 3.83 (dd, IH, H-4c), 
3.80 (m, IH, H-Sc), 3.72 (dd, IH, H-4g), 3.64 (dd, IH, H-3 a ), 3.60 (m, IH, H-5 B ), 3.52 (dd, 
1H, H-2 B ), 3.39 (dd, IH, H-4*), 3.30 (dd, IH, H-4 B ), 1.35 (d, IH, H-6 A ), 1.30 (d, IH. H-6 C ), 
1.00 (d, IH, H-6a). u C NMR (CDd,):8 166.1, 165.7 (0=0), 117.0-133.4 (Ph), 100.9 (C-1 B ), 
98.9 (C-Ia), 97.8 (C-U), 96.0 (C-l c ), 81.8 (C-3a), 80.9 (C.2a), 79.9 (C-4 A ), 79.6 (C-4b), 79.6 
(C-3c), 78.9 (C-3a), 78,0 (C-4c), 77.5 (C-4e), 77.3 (C-30, 75.6. 75.3, 7S.0, 74.7, 73.9, 73.S, 
72.8, 70.9, (CHjPh, All), 74.9 (C-2 B ), 72.5 (C-2 C ), 71.2 (C-5 E ), 70.9 (C-2/0, 68.8 (C-5 B ), 68.5 
(C-6e), 68.3 (C-5*), 67.5 (C-5 C ), 40.9 (CIAc), 18.8 (C-6 A ), 18.2 (C-6c), 17.8 (C-6b). FAB-MS 
for QiHjsClOao (M= 1558.6) m/z 1581.7 [M + NaV\ AnaL Calcd. for C 9 jH»C10» : C, 70.82 ; 
H, 6.40. Found C, 70.67 ; H, 6.58. 
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AOyl tM-di-G-heniyM-O-pmethoxybfcnzy^^ 
benzyl-a-L-rhamnopyranosy^ 

4)-I-2-0-ben2oyI-a-L-rh3in3nopyranosjd« (39). A mixture of alcohol 11 (125 mg, 0.15 
rnmol) and 4 A molecular sieves in anhydrous Et 2 0 (3 mL) was stirred for 45 min under dry Ar. 
After cooling at -4G°C, Me*SiOTf (20 \xL 9 0.112 mmol) was added dropwise. A solution of the 
donor 37 (21 0 mg, 0.22S mmol) in anhydrous EtjO (2 mL) was added dropwise to the solution 
of the acceptor during 1 h. The mixture was stirred for 3 h at -40°C. Triethykmine (100 jaL) 
was added and the mixture was filtered and concentrated. The residue was elated from a 
column of silica gel with 85:15 cyctehexane-EtOAc to give 39 (107 mg, 44 %) as a foam; [a]o 
+12° (c i; CHCfc)* l K NMR (CDCfc):8 7.1-8,1 (m, 45H, PhX 6.50-7.00 fa 4H, CHaPhOMe), 
5.70-5.90 (m, 1H, All), 5.32 (dd, 1H, * 1.6, Jfc « 3.1 Hz, H-2c), 5.10-S.25 (m, 2H, AH), 
5.05 (d, 1H, H-l*), 4.98 (d, IH, J u « 3,2 Hz, H-Ib), 4.85 (m, 2H, H-Ia, lc), 4.20-4.80 (m, 
18H, OfcPh), 3.90-4.20 (m, 2H, All), 3.00-4,20 (m, 20H, H-2* 2 B , 2 E , 3 A , 3b, 3* 3 fi , 4 M 4b, 
4c, 4* 5 A , S B , 5 C , S E , 6aE. 6b* OCH 3 ), 0.82-130 (3 d, 9H, H-6 A , 6 B| 6 C ). W C NMR (CDCWrS 
1663 (CO), 118.2-138,5 (Ph, AD), 99.5, 99.3 (2C. C-U, 98.4 (C-l B ) f 96.4 (C-l c ), 82.3, 
81.4, 81.1, 80.5, 80.3, 79.5, 78.2, 77.6 (8C, C-2 fi , 3 A> 3 8 , 3c, 3 E , 4 A , 4 B , 4 C ), 76.0, 75.5, 75.3, 
74.9, 743, 733, 723, 71.8, 71.6, (OfePh), 72.5 (C-2c), 72.0 (C-4b), 69.2, 69.0, 68.9 (3C, C- 
5*, 5 B , 5c), 68.8, 68.6 (AD, C-6e), 67.8 (C-5 E ), 55.5 (OCH 3 ), 19.0, 18.8, 18,4 (3C, C-6 A , 6 b , 
6 C ). FAB-MS for CotHiofiCfco (M * 1603.8) mfz 1626.6 [M + Na] 4 ". Correct elent analysis 
could not be obtain for this compound. 

Ally! (2-0-acetyl-3,4-di-0-benzyl-a^ 

a-D-glucopyranosyi-(l»>4)]-2-0-benzoyi-a'L-rhamnopynino9idc(42), 

A mixture of alcohol 11 (6.5 g, 7.8 mmol) and imidate 22 (6.5 g, 12.2 mmol) in anhydrous 
Et 2 0 (86 mL) was stirred for 15 min under dry Ar. After cooling at -50°C, Me 3 SiOTf (560 n 
L, 3.1 mmol) was added dropwise and the mixture was stirred and allowed to rt overnight. 
Trifithylamine (1.1 mL) was added and the mixture was concentrated. The residue was eluted 
from a column of silica gel with 6:1 cyclohexane-EtOAc to give 42 (8.0 g, 84 %) as a colorless 
foam; [a] D +21° (c 1, CHCfe). l H NMR(CDCU):8 7.1-8.2 (m, 35H, Ph), 5.95 (m, 1H, All), 
5.72 (dd, 1H, Jia * 1.0, J 2A - 3.1 Hz, H-2 B ), 5.44 (dd, 1H, J u « 1.6 Hz, « 3.1 Hz, H-2c), 
530 (m, 2H, All), 5.07 (d, 1H, J xX « 3.05 Hz, H-i B ), 5.05 (d, 1H, H-l B ) t 4.95 (d, 1H. J ta - 
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1.6 Hz, H-lc). 4.35-4.90 (m, 12H, CffJPh), 4.00-4.20 (m, 2H, AD), 4.20 (dd, 1H, J 3 , 4 - 8.5 
Hz, H-3 C ), 4.05 (dd, 1H, ./« « 9.7. = 10.0 Hz, H-3 B ), 3.80-3.90 (m, 2H, H-6bh, 6be), 3.82 
(m. 1H, /,.« - 6.0 Hz, H-5c). 3.80 (m, 2H, H-4 B , 5,0, 3.76 (m, 1H, H-4c), 3.75 (dd, 1H, J iA = 
8.5Hz, H-3 B ), 3.69 (m, 1H, As - 8.5, J i%6 - 6.1 Hz, H-5 B ) S 3.53 (dd, 1H, H-2*), 3.35 (dd, 1H, 
H-4 B ), 2.15 (s, 3H, OAc), 1.40 (d, 3H, H-6 C ). 1.01 (d, 3H, H-6 B ). "C NMR (CDClj):S 170.3, 
166.1 (CO), 118.2-138.6 (Ph, All), 99.7 (C-1 B ), 98.6 (C-h), 96.4 (C-l c ), 82.2 (C-3 E ), 81.7 
(C-2s), 80.2 (0.4»), 80.1 (C-3 C ), 78.0 (C-4 C ), 77.8 (C-3 B ), 75.9, 75.4, 7S.2, 74.3, 73.3, 70.9 
(6C, CHjPh), 72.5 (C-2c), 72.0 (C-^), 69.0 (C-5 C ), 69.0 (C-5 B ), 68.9 (2C, All, C-2 B ), 68.0 
(C-66), 67.8 (C-5e), 21.1 (OAc), 19.0 (C-6 C ), 18.1 (C-6n). PABMS of CmH 7 «Oi S (M. 1198.5), 
Mfr 1221.4 ((M+Na} + ). 

Allyl (3,4-di-0-benzyI-<x-L-rhan!nopyranoiyl)-(l->3)-I2,3,4,6-tetrn-0-benzyl-a-D- 
glncopyranosyl-(l->4)]-2-0-beiaoyI^x-L-rharanopyrBaoiide (10). A mixture of the 
irisaccharide 42 (8.0 g, 6.5 nanol) inMeOH (128 mL) was treated with 5.7 mL of HBEt/EtjO 
at rt. The solution was stirred during 4 days. EtjN was added until neutralization and 
concentrated. The residue was diluted with DCM, washed with satd aq NaHCOj and water. 
The organic layer was dried on MgSQt, filtered and concentrated. The residue was eluted from 
a column of silica gel with 15: 1 toluene-AcOEt to give 10 (6.3 1 g, 84 %) as a foam; [a] D +14° 
(c 1. CHO0; 'H NMR(CDC1 3 ):6 7.05-8.10 (m, 35H, Ph), 5.82 (ro, 1H, All), 525 (dd, 1H, J Ui 
= 1.7 Hz, Jij = 3.1 Hz, H-2c), 5.19 (m, 2H, All), 5.00 (d, 1H, J xi * 3.1 Hz, H-1 B ), 4.87 (d, 
1H, Ju^ 1-8 Hz, H-1 B ), 4.81 (d, 1H, H-l c ), 4.35-4.90 (m, 12H, CftPh), 4.00-4.20 (m, 2H, 
AII),4.10(dd,lH,J,.4=8JHz,H-3c),4.09(dd, 1H, J l3 - 3.2 Hz, H-2 B ), 3.95 (m, 1H,J„«= 
9.5 Hz, H-5b), 3.92 (dd, 1H, J u - 9.5 Hz, J 3A = 9.5 Hz, H-3,), 3.78 (m, 1H, = 6.0 Hz, H- 
5 C ), 3-70 (m, 1H, H-4c), 3.S8-3.62 (m, 2H, H-6ae, 6bs), 3.59 (m, 1H, 7^= 9.0 Hz, J SA - 6.2 
Hz, H-5 B ), 3.54 (dd, tH, H-4e), 3.48 (dd, 1H, J^»- 8.5 Hz, H-3b), 3.45 (dd, 1H, H-2b), 3.31 
(dd, 1H, H-4b), 2.68 (d, IH,y a ,oH= 2.3 Hz, O-H), 1.29 (d, 3H, H-6e), 1.09 (d, 3H, H-6b). u C 
NMR (CDCb):5 166.2 (OO), 118.2-137.5 (Ph. All), 103.1 (C-1 B ), 98.5 (C-1 E ), 96.6 (C-lc), 
82.1 (C-3e), 81.4 (C-2,0, 80.4 (C-4s), 79.7 (C-3 B ), 79.4 (C-4 C ), 78.9 (C3 C ), 78.1 (C-4e), 
76.0, 75.5, 74.5, 74.2, 73.6, 72.1 (CHoPh), 73.7 (C-2 C ), 68.9 (C-6e), 68.8 (C-5 B ), 68.7 (All, 
C-5b), 68.1 (C-5 C ), 19.1 (C-6c), 18.2 (C-6 B ). FABMS of CtoH^Ou (M, 1 156.5), mfz 1179.S 
([M+Na]*). Anal Calcd for CtoHwCj: C, 7X64; H, 6.62. Found C, 72.49; H, 6.80. 
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ADyl (2-0-»cctyI-3,4-dI-0.ben^I-o-ii-rhamflopyranMyl)^1^2)-(3,4-dl-0-hen^l-tt-^ 

rhamno^nosy1M1^3Mi,3A6.1etr^ 

benznyl-a-whamnopyTanosidc (44). 

A mixture of alcohol 10 (5.2 g, 4.49 moat), imidate 2 (3.58 g, 6.74 mmol) and 4A molecular 
sieves in anhydrous EtjO (117 mL) was stirred for 1 h under dry ar. After cooling at -30°C, 
MejSiOTf (580 uL, 3.2 mmol) was added dropwise and the mixture was stirred and allowed to 
it overnight. Triethylarnine (1 .2 mL) was added and the mixture was filtered and concentrated. 
The residue was eluted from a column of silica gel with 9:1 cyctohexane-EtOAe to give 44 
(6.16 g, 90 %); [ah +13° (c 1, CHCb). 'H NMR (CDCb):8 7.00-8.10 (m, 45H, Ph), 5.82 (m, 
IH, AID, 5.45 (dd, 1H, J,*- 1.5 Hz, Jb= 2.5 Hz, H-2*), 5.29 (dd, IH. / u - 1-5 Hz, Ju= 2.5 
Hz. H-2c), 5.19 (m, 2H, All), 4,97 (d, IH, J w - 3.2 Hz, H-l s ), 4.95 (d, IH, H-U), 4.91 (d, 
IH, Jb - 1-6 Hz, H-1 B ), 4.84 (d, IH, H-l c ), 4.35-4.90 (m, 16H, C/fcPh), 4.29 (dd, IH, Jb = 
2.6 Hz. H-2,,). 4.00-4.10 (m, 2H, All), 4.02 (dd, IH, J M - 8.5 Hz, H-3c), 3.90 (m, 2H, Jb = 
Ji.*= At= 9.S Hz, H-3 El 5s), 3.85 (m, 2H, Jj.4= 9.3 Hz, 4* «= 9.5 Hz, H-3* 5a), 3.72 (m, 2H, 
J J4 = 6.0 Hz, H-4 C , 5c), 3.62-3.66 (m, 2H. H-6aB, 61*), 3.61 (dd, IH. H-4b), 3.54 (dd, IH, J iA 
= 9.4 Hz, H-3 B ), 3.45 (dd. IH, Jo = 9.5 Hz. J» = 6.1 Hz. H-5,). 3 39 (dd, IH, H-2 6 ), 3.34 
(dd, IH, H-4a). 3.21 (dd. IH, H-4b), 1.89 (s, 3H, OAc), 1.26 (2d, 6H, H-6*, 6 C ), 0.89 (d, 3H, 
H-6 B ). ,3 CNMR(CDCh):8 170.2, 166.1 (2C, C=0), 118.1-138.4 (Ph, All), 101.3 (C-l B ), 99.8 
(C-1/0, 98.2 (Ols), 96.4 (C-lc), 82.2 (C-3 B ), 81.4 (C-2 B ), 80.6 (C-4a), 80.5 (C-3c), 80.1 (C- 
4b), 793 (C-3 B ). 78.5 (C-4c), 78.1 (C3a), 78.0 (C4 E ), 76.0. 75.9. 75.7, 75.2, 74.3, 73.3, 
72.1, 71.1 (CH,Ph), 75.2 (C-2 9 ), 72.9 (C-2e), 71.7 (C-5*), 69.5 (C2*), 69.2 (2C, C-5 A , 5 B ), 
68.9 (All, C-2 B ), 68.9 (C-6e), 67.9 (C-5 C ), 21.4 (OAe), 19.1 (06*), 18 7 <C-6c), ».l (<><*)• 
FABMS of CoHjooOso (M, 1524.7), nt/z 1547.8 (B*+Na]*). AnaL Calcd for C«H lM 0 M : C. 
72.42; H, 6.61. Found C, 72.31; H, 6.75. 

AJjyl (3,4-dt-0-bcn^to^i^ihamnopynmojyO-(l-+2H3i4-di.a-benzyl-o«L' 

riiamnopyranoayiMl-^MZ^^-tetra-O-benz^ 

benzoyl-a-L-rhamnopyranoside (40). 

Ambcture of 44 (6.0 g, 3.93 mmol) inMeOH (200 mL) was treated with 10 mL of HBP«/Et 2 0 
at rt. The solution was stirred during 5 days. EtjN was added until neutralization and 
concentrated. The residue was diluted with DCM, washed with satd aq NaHCOj and water. 
The organic layer was dried onMgSO*. filtered and concentrated. The residue was eluted from 
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a column of silica gel with 6:1 cydohexane-AcOEt to give 40 (5.0 g, 84 %) as a colorless 
foam; [<x] D +12° (c 1, CHCla). l HNMR.(CDCIj):3 7.00-8.00 (m, 45H. Ph), 5.83 (m, IH, All), 
5.29 (dd, IH, J w - »° Hz, Ji,i = 2.9 Hz, H-2 C ), 5.19 (m, 2H, AH), 4.99 (d, 1H, J*- 1.4 Hz, 
H-Ia). 4.97 (d, IH, J u «= 3.3 Hz, H-1b). 4.94 (d, IH, J, 4 - 1 .7 Hz, H-la), 4.83 (d, 1H, H-lc), 
4.35-4.90 (m, 16H, C/fcPh). 4.30 (dd, 1H, J u - 2-7 Hz, H-2 B ), 4.00-4.10 (m, 2H, All), 4.02 
(dd, 1H, Jb» 3.5 Hz, 4.4= 8.5 Hz, H-3c), 3.98 (dd, IH, H-20, 3.91-3.9S (m, 3H, H-5 & 63b. 
68b). 3.90 (dd, IH. Jb= 9.5 Hz, A< - 9.4 Hz, H-3 6 ), 3.73-3.82 (m, 4H, H-3 A , 5 A , 4& 5c), 
3.66 (dd, IH, Jis - 9.6 Hz. H-4r), 3.S3 (dd, IH, J ifl = 9.5 Hz, H-3 B ), 3.48 (m, IH, J« = 9.5 
Hz, J ifi =SA Hz, H-S B ), 3.40-3.44 (ro. 2H, H-4 A , 2 6 ), 3.17 (dd, IH, H-4 B ), 2.18 (d, IH, J sm * 
2.0 Hz, O-H), 1.26 (d, 3H, H-6c), 1.25 (d, 3H, H-6*), 0.90 (d, 3H. H-6b). 1J C NMR (CDCIj): 
5 166.2 (OO), 118.0-138.3 (Ph. All). 101.5 (C-1 B ). 101.4 (C-1 A ), 98.2 (C-1 B ), 96.4 (C-l c ), 
82.2 (C-3b), 81.4 (C-2e), 80.6 (C-4a), 80.3 (C-4 B ), 79.9 (2C, C-3 C , 3 A ), 79.2 (C-3 B ), 78.3 (C 
4c). 78.0 (C-4e), 75.9, 75.6, 75.5, 74.8, 742, 73.5, 72.4. 71.0 (CHjPh), 75.3 (C-2 B ), 72.9 (C- 
2c), 71.6 (C-2 A ), 692, 69.1, 68.6, 68.3, 67.9 (5C, C-5 A , 5 B , 5 C , S& 6a), 68.9 (All), 19.1 (C- 
6c), 18.6 (C-6a), 18.1 (C-6 B ). FABMS of CfcHtOw (M. 1482.7), m/z 1505.8 (P^Na]> 
Anal. Calcd foi CooHiiA^HjO: C, 71.12; H, 6.77. Found C, 71.21; H. 6.78. 

Allyl (3,4,Mri-0-acetyl-2-deorf-2-tiichIoM>acetam^ 
di-O-be^l-a-L-rtamnopyiMosyiMl^ 

3)-l2^^^-tctra-<7-benzyl-a-D-gIucopyranosyl-(l-^4)]-2-0-henzoyl-a-L- 
rhamnopyranoside (4). A mixture of alcohol 10 (5.0 g, 3.37 mtnol), imidale 16 (3.0 g, 5.04 
nunol) and 4A molecular sieves in anhydrous DCM (120 mL) was stirred for 1 h under dry At. 
After cooling at 0°C, MejSiOTf (240 uL, 1.32 mmol) was added dropwise and the mixture 
was stirred for 2.5 h -while coming back to rt. Et 3 N (800 uL) was added, and the mixture was 
filtered and concentrated. The residue was eluted from a column of silica gel with 4:1 to 2:1 
cyctohexane-EtOAc to give X4 (6.27 g, 98 %); [a] D +1.5° (c 1, CHCU). 'H NMR (CDCfc):5 
7.00-8.00 (m, 45H, Ph), 6.68 (d, IH. Jbnt = 8.5 Hz. N-Hd), 5.82 (m, IH. All), 5.29 (dd, IH, 
J l9 - 1.0 Hz, J t) - 2.3 Hz, H-2c), 5.19 (ra. 2H, All), 5.00 (d, IH, J tA - 1.0 Hz, H-1a). 4.96 
(dd, 1^4.3= 10.5 Hz. Ji.«= 10.5 Hz, H-3 D ), 4.88 (d, IH, 3.3 Hz, H-le), 4.85 (d, IH, 
H-lc). 4.82 (d, IH, J u « 1.7 Hz, H-1 B ), 4.81 (dd, IH, 10.0 Hz, H-4 0 ), 4.72 (d, IH. 7 U = 
8.6 Hz, H-l D ), 4.35-4.90 (m, 16H, C/£Pb), 4.38 (m, IH, H-2 B ), 4.00-4.10 (m, 2H, All), 4.05 
(dd, IH, Jb - 2.7 Hz, H-2 A ), 3.95 (dd, IH, J„ = 3.5 Hz/ 3 ^= 8.5 Hz. H-3c), 350 (m, 2H, H- 
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Se, 4 e ), 3.82-3.86 (m, 2H, H-6ao, obo), 3.70-3.84 (in, 6H, H-3& 6& E , 6bs, 3a, Sa, 2a), 3.58 (m, 
1H, H-5c), 3.61 (dd, 1H, Ju - 9.0 Hz, H-4 C ), 3.56 (dd, 1H, J u - 9.5 Hz, H-3 B ), 3.47 (m, 1H, 
/ 4) s» 9.5 His, Jsjs" 6.1 Hz, H-Sb), 3.33-3.35 (m, 3H, H-4 A , 5o, 2 B ), 3.17 (dd, 1H, H-4 B ), 1-98, 
2.00, 2.02 (3s, 9H, OAc), 1.24 (d, 3H, J w = 6.0 Hz, H-6a), 1.23 (d, 3H, J SJS =» 5.9 Hz, H-6c), 
0.90 (d, 3H, H-6 B ). "C NMR (CDC1j):5 170.9, 170.7, 169.6, 166.1, 162.1 (CO), 118.1- 
138.3 (Pa, AH), 101.5 (C-1 D ), 101.4 (C-l a ), 101.1 (C-l^), 98.5 (C-1 E ), 96.4 (C-l c ), 92.6 
(CClj), 82.1 (C-3 E ), 81.7 (C-3 C ), 81.6 (C-2*), 80.4 (C-4b), 80.1 (C3 A ), 79.1 (C-4c), 78.5 (C- 
3 8 ), 77.9 (C-4 A ), 77.6 (C^, 76.4 (C-2a), 76.1, 75.8. 75.4, 74.7, 74.3, 74.2, 732, 70.4 
(OfcPh), 74.9 (C-2 B ), 72.9 (C-3 D ), 72.7 (C-2c), 72.5 (C-5 fi ), 71.9 (C-5e), 68.4 (C-oe), 68.8 
(All), 68,9, 68.7, 68.5, 67.7 (4C, C-4* S A , 5b, Sc), 62.1 (C-6 D ), 562 (C-2t>), 20.9, 20.9, 20.7 
(3C, OAc), 19.0 (C-6 A ), 18.5 (C-6c), 18.2 (C6 B ). FABMS of C, M H, M Cl3NOa 7 (M, 1916.4), 
mft 1934.9 [M+Na]\ Anal. Calcd for CtMHmOjNOa?: C, 65.18 ; H, 6.00 ; N, 0.73. Found C 
64.95 ;H. 6. 17 ;N, 0.76. 

(2^,4-tri.a-acetyl-2-d£^x>-2-trichlorottCctamido-p-tHglucopyrano^O-(l->2)-(3,4-di-0- 
benzyl-o>L-rhamnopyranosyTHl->2M3y4-dl.0-beiuyl-a-^ 

[2^,4,6-tctra-C>-benzyI-a-X)-glucopyranosj'l-(l->4)]-2-0-beazoyl-a-L-rh»ninopyranosyl 
trichloroacetimtdate (46). Compound 4 (3.5 g, 1.8 mmol) was dissolved in anhydrous THF 
(35 mL). The solution was degassed and placed under Ar. 1,5-CycIooctadiene- 
bis(methyIdipheriyIphosphine)iridium hcxafluorophosphate (81 mg) was added, and the 
solution was degassed again. The catalyst was activated bypassing over a stream of hydrogen 
until the solution has turned yellow. The reaction mixture was degassed again and stirred under 
an Ar atmosphere, then concentrated to dryness. The residue was dissolved in acetone (15 
mL), men water (3 mL), mercuric chloride (490 mg) and mercuric oxide (420 mg) were added 
successively. The mixture protected from light was stirred at rt for 2 h and acetone was 
evaporated. The resulting suspenskmwas taken up in DCM, washed twice with 50% aq KI, 
water and satd aq NaCl, dried and concentrated. The residue was eluted from a column of 
silica gel with 2:1 petroleum ether-EtOAc to give the corresponding hemiacetal 45. 
Trichloroacetonitrile (6.5 mL) and DBU (97 pL) were added to a solution of the residue in 
anhydrous dichloromethane (33 mL) at 0°C. After 1 h, the mixture was concentrated. The 
residue was eluted from a column of sflica gel with 5:2 cyclohexane-EtOAC and 02 % Et$i to 
give 46 (2.48 g, 66 %); [a) D +4" (c 1, CHCU). *H NMR (CDC1,):8 8.71 (s, 1H, N=H), 7.00- 
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8.00 Cm, 45H, Ph), 6.80 (d, 1H, - 8.2 Hz, NHd), 6-37 (d f 1H, * 2,6 Hz, H-l c )> 5.59 
(dd, 1H, / w « 3.0 Hz ? H-2 C ), 5.10 (d, 1H, J X1 - 1.0 Hz, H*] A ), S.05 (dd, 1H, H-3 D ), 4,98-5.00 
(ra, 2H, frl E , 1 B ), 4.97 (dd, 1H, H-4o), 4,00-5.00 (m, 19H, 8 CftPh, H-3 C . 2a. 2 b ), 3.20-4.00 
(m, 17H, H-2* 3b, 4g, 5 E , 6aa, 6bs, 4 C , S Cl 3 B , 4* 5 B , 3a, 4 A , S A , 5* 6a D , 6bo), 1,80, 2.02, 2.03 
(3s, 9H. OAc), 1.39, 1.32 and 1.00 (3d, 9H, H-6 A , 6 B , 6 C ). l3 C NMR (CDCU):8 169.7, 169.5, 
168.3, 164,5, 160.9 (0=0, ON), 126.2-137,5 (Ph). 101.6 (CMd), 101.3 (2C, C-U t B ), 98.7 
(C-I B ), 94.8 (C-lc), 91.3 (CCb), 82.1, 81.5, 80.4, 80.1, 78.4, 77,9. 77.6, 76.5 (IOC, C-2 A . 2 S , 
3a, 3 b , 3 c , 3 e , 4a, 4b, 4c, 4g), 76.0, 75.9, 75.5, 74.9, 74.3, 73.3 (CHaFh), 72.9, 72.6, 71.9, 
70.9, 70.6, 69.1, 68.8, 68.5 (9C, C-2 B< 2 C , 3j>, 4* 5 A , 5 B , 5 C , 5„, 5 E ), 68.3, 62.1 (2C, C-6 D , 6 E ), 
56.2 (C*2p), 21.0, 20.9, 20.8 (3 OAc), 19.1, 18.3, 18.1 (3C, C-6*, 6 B , 6c). Anal Calcd &r 
CtwH^oCtNaOjT C; 61.22, H: 5.49, N; 1 .39. Found C: 61,24, H; 5.50, N: 121. 

Methyl (3A6-tri-0-acetyl-2-deoxy-2-tricM^ 

(3,4-di-C^beMyl-a-whamnopynmo3yO^^ 

(1^3H2,3,4,6-tetra-0-benzy^D-glucopyranosy^ 

rhamnopyrcnoiyQ-(1^3H2*dco:Ey^,6-0.to^ 

glucopyranosyH^2)-(3,4-di-0-bim^l-a-^ 

a-t^riiaronopyranosyIH1^3H2,3^6*tetr*^^ 

ben*oyI-a-Urhamnopynuioside (49). A mixture of 46 (154 mg, 76 jimol) and 48 (92 nag, 51 
Hmol), 4A molecular sieves and dry 1,2-DCE (3 mL), was stirred for I h, then cooled to - 
35°C Triflic acid (6 pL) was added. The stirred mixture was allowed to reach 10°C in 2.5 h. 
Et3N (25 nL) was added and the mixture was filtered. After evaporation, the residue was 
eluted from a column of silica gel with 2:1 cyclohexane-EtOAC and 0.5 % of Et 3 N to give 49 

which could not be obtained as pure material at this stage, and was directly engaged in the next 
reaction. 

Methyl (3,4,6~tri-0*acetyl-2~deoxy«2-tricfa)om 

(3,4-di-0-bensyl-a-L-rhamnopyranosyO^ 

(1^3H2;Mi6-tetra-0-beMyI-a-D-glucop 

rhamnapyranosyQ<1^3M2-deoxy-2-tricM^ 

(3^-di-0-beniyl-a^L-rhamnopyranoay^ 

<1^3H2A4 t 6-teti*-O-bcn^l-a-0^ 
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rhamnopyranosidc (50). To a solution of the residue 49 (186 mg, 51 mnoj) in DCM (3 mL) 
was added dropwise, at 0°C, a solution of TFA (0.5 mL) and water (0.5 mL). The mixture was 
stirred for 3 h, then concentrated by co-evaporation with water then toluene. The residue was 
etatedfi«macoluninofsuicaBelwiih2:l to l:lpet»leumether-EtOACtogive50 (134 mg, 
72 %, 2 steps); [o] D +6° (c 1, CHCb). 'H NMR(CDCb): 8 7.10-8.05 (m, 90H, Ph), 6.82-6.86 
(2d, 2H, Jb* = 8.0 Hz, Jzm - 8.5 Hz, NHo, NHp-), S.19-5.35 (m, 2H, H-2c, 2 C ), 5.20, 5.08 
(2s, 2H, H-U 1 a .)> 5.05 (dd, 1H, H-3^), 4.99-4.80 (m, 9H, H-1 B . ls«. lc, lc, Id, lir, U, Iff, 
V), 4.30-4.80 (m, 32H, OCHjPh), 3.15-4.10 (m, 44H, H-2a, 2a-, 2 B , 2 B <, 2d, 2d-, 2b, 2 e -, 3a, 
3 a -, 3b, 3bs 3c, 3 c -. 3d, 3k, 3b-, 4 a , 4a-, 4 b , 4 r , 4c, 4 c -, 4o, 4 & 4 B -, S A , 5 A -, 5 8 . 5 B \ 5 e , 5 C -, 5 D , 
5i>., 5 E , Sep. oao, 6bo, to, to, 6a* to, to, 61%.), 3.42 (3H, s, OMe), 2.02, 2.04, 2.08 (9H, 
3s, OAe), 1.40-0.96 (18H, m, H-6 A , 6*. 6b, 6a-, 6 C , 6 C 0- "C NMR (CDClj) : 8 171.5, 170.9, 
170.8, 169.6, 166-2, 162.4, 162.1 (OO), 127.2-139.5 (Ph), 101.9, 101.6, 101.5, 101.3, 99.2, 
98.8, 98.2 (IOC, C-Ia, U, \w, lc, lc Id. Id-. 1b, 1b>), 92.7, 92.6 (2C, CO,), 82.1, 81.8, 
81.7, 80.5, 803. 80.1, 79.3, 77.9, 77.8, 73.0, 72.6, 72.5, 72.0 f 69.4. 69.0, 68.9, 67.4, (39C, C- 
2a. 2 a -, 2 b , 2b-. 2c, 2c. 2 h , 2b-, 3a, 3*-, 3 B , 3 B -, 3c, 3c-, 3d, 3d-, 3b, 3*, 4 A , 4 A -, 4 B , 4 B -, 4 C , 4c, 
4 0 . 4os 4s, 4r, 5a, S a ., 5 B . 5 B , 5 C , 5c-, 5 D> 5 0 -, 5 fo 5 B -, 6 D ), 76.0. 75.9, 74.8, 74.3, 73.6, 73.2, 
68.6 (CHiPh), 62.3, 62.2, 60.7 (3C, C-6 D , 6 E , 6e-), 5S.5, 56.2 (3C. C-2n, 2 D -, OCH,), 20.97, 
20.94, 20.77 (OAc), 19.01, 18.72, 18.62, 18.15, 17.90 (6C, C-6 A , 6v, 6 B , 6b-, 6 c , 6c). 
FABMS for Cw&uCfeNaOs, (M, 3622.5), mfz 3645.3 [M+Na]\ Anal Calcd for 
CwrffeuClsNiOjo C: 65.32, H: 5.95, N; 0.77. Found C: 65.20, H: 6.03, N: 0.78. 

Methyl (2-acctamido-2-deoxy-p^>glucopywnoiyO-(1^2Ho-whamnoMrran«syl)-(l-* 

2Ha-i^rha«mopyranosyiMl--*3M<*-»>-gluwpy^^ 

(1^3>(2-ac*tamidc-2-deoxy-^i>-gIue©py™^ 

2)-(o>t-rhamnopyraoo8yI)-(l-»3)-[a-D-glucopyranosyl-(l-*4)]-a-L-rhamnopyranojide 
(1). A solution of SO (183 mg, 50 umol), in EtOH (3 mL), EtOAc (0.3 mL), 1M HC1 (100 uL) 
was hydro genated in the presence of Pd/C (250 mg) fbr 72 h at rt. The mixture was filtered 
and concentrated. A solution of the residue in MeOH (4 mL) and Etpi (200 uL) was 
bydrogenated in the presence of Pd/C (200 mg) for 24 h at rt. The mixture was filtered and 
concentrated. A solution of the residue (50 mg, 25 umol) in MeOH (3 mL) and DCM (0.5 mL) 
was treated by MeONa until pH=10. The mixture was stirred overnight at 55°C. After cooling 
at rt, EL 120 (H*) was added until neutral pH. and the solution was filtered and concentrated, 
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then was etoted from a column of C-18 with water/CH 3 CN and freeze-dried to afford 
amorphous 1 (30 «ng. 37 %); Mo -1° C« l > *0). 'H NM* fl** * 5.13 (2d, 2H, J w - 
3 5Hz, H-l 6 , IbO. 4.75, 4.95, 5.05 fo 5H, H-1 A , t B , U, !»■, Icl 4.62-4.64 (2d, 2H, 7.0 
Hz, Jb - 8.0 Hz, H-l* IpO, 4.58 (d, IH, Jfc- 2,2 Hz, H-l c ). 3.2M.10 (m, SIB. H-2 A , 2 A , 
2b. 2r. 2c, 2c., 2 n , 2 D , 2 E , 2 B , 3a, 3 A , 3„ 3 B , 3 C , 3c, 3 D , 3o, 3* 3 B , 4 A , 4 V , 4 9 , 4 B , 4 C , 4c, 
4„. 4o, 4b. 4*. 5* 5 A , 5 B , 5b, 5 c , 5c, 5 B , 5* 5r, 6a. 6b* 6a,, 6b,, 6a* 6b. 6a,. «r. 
OCH 3 ), 1.97, 1.99 (2s, 6H, 2 AcNH), 1.15-1.33 (6d, 18H, Ji*= 6.3Hz, H-6 A , 6 B . 6c, 6 A , 6 e -, 
6 C ) »C NMR (DjO): 8 175.2, 174.7 (OO), 103.1 (2C, CI*. 1 D ), 102.6, 101.7, 101.3, 
100.8 (6C, O-U. 1b, 1c U, la, l<r), 98.0 (2C, Cla. 81.6, 79.7, 79.6, 79.1. 76.2, 76.1. 
73.9, 73.0, 72.7, 72.6. 72.5, 72.2, 72.1, 71.6, 70.i. 70.0, 69.7, 69.0, 68.5 (38C. C-2* 2 A , 2 B , 
2b-. 2c, 2c. 2 8 s 3 A , 3 A , 3 B , 3 B , 3 C> 3c, 3 D , 3* 3s, 4* 4 A -, 4 B , V. 4c, 4c, 4* 4o, % 
4h, S A , 5 B , Sb, 5c, 5c, 5 Dl 5 D , 5* 5.), 60.9 (4C, C6 E . fc, 6. «. 56.20, 56.00. 55.31 
(3C C2o, OCH,), 22.7. 22.6 (2C, AcNH), 18.3, 18.1, 17.2, 17.1, 16.95. 16.90 (6C. O 
6 A1 6b, 6c, 6 A , flr. 6c). HRMS: calculated for CuHuoNaOs+Na: 1661.6278. Found 
1661.6277. 
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S^Sfa of a tetia- and two pentasaccharide fragments of the O-spccffic polysaccharide 
of Shigella flexnetl serotype 2a 

This paper discloses the synthesis of a methyl glycoside of the repeating unit I of the & 
/tarf 2a O-SP, together with that of a corresponding pentasaccharide and a tetrasaccharide 
All the methyl glycosides of the di- to pentasaccharides obtained by circular permutation of 
the monosaccharide residues partaking in the linear backbone of I, and comprising the EC 
porting are now available. Their binding to a set of available protective IgO antibodies is 
reported elsewhere 



U^PPn-thM.br€vei.penUOMe 0243*685 2003-07-04 

Synthesis of a tetra- and two pentasaccharide fragments of the O-speeific polysaccharide 

of Shigella flexneri serotype 2a 



INTRODUCTION 



Shigellosis, also known as bacillary dysentery, is a major enteric disease which 
accounts for some 165 million annual episodes, among which LI million deaths, occurring 
mostly in developing countries. {Kotloff, 1999 #147} Young children and 
immunocompromised individuals are the main victims. Occurrence of the disease is seen as a 
correlate of sanitary conditions, and those are sot likely to improve rapidly in areas at risk. The 
financial status of the populations in which shigellosis stands in its endemic or epidemic forms, 
as well as the emerging resistance to antimicrobial drugs, {Khan, 1985 #367}*{Salam, 1991 
#368}*{Ashkenazi, 1995 #328}*{Iversen, 1998 #357}*<Iwalokun, 2001 #358}* limit the 
impact of the latter. Some IS years ago, vaccination was defined as a priority by the WHO in 
its program on enteric diseases.REF However, there is still no license vaccine against this 
bacterial infection although intensive research is ongoing in the field. {Hale, 199S #102} (voir 
si rcf reeente PS) Shigellae ate Gram negative bacteria. As for other bacterial pathogens, their 
lipopolysacoharide (LPS) is an important virulence fector. It is also a major target of the host's 
protective immunity against infection. Indeed, data from infected patients indicated that 
circulating anti-LPS antibodies were strong markers of acquired immunity. {Cohen, 1988 
#329} {Cohen, 1991 #52} It was also demonstrated in a murine model that the presence 
locally, preliminary to infection, of a secretory antibody of isotype A specific for an epitope 
located on the O-specific polysaccharide (O-SP) moiety of the LPS of Shigella Jtexneri 5a, 
prevented any host's homologous infection. {Phalipon, 1995 #228} Importantly, field trial of an 
investigational Shigella somei O-SP conjugate, which was shown to induce anti-LPS secretory 
IgAs> thus suggesting mucosa! stimulation, {Cohen, 1996 #360} demonstrated 75% 
efficacy. {Cohen, 1997 #54} 

Shigella flexneri 2a Is the prevalent serotype in developing countries, where it is 
responsible for the endemic form of the disease. Based on the early hypothesis that a critical 
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level of serum IgO antibodies specific for the O-specific polysaccharide (O-SP) moiety of the 
LPS was sufficient to confer protection against homologous infections, {Rabbins, 1992 
#256}{Robbins, 1994 #257} several & flexneri 2a O-SP-protein conjugates were designed. 
They were found safe and immunogenic in both adults and children- { Ashkenazi, 1965 
#362} {Passwell, 2001 #220} 

Allowing a better control of the various structural parameters possibly involved in the 
ixnmunogenicity of glycoconjugate vaccines, oligosaccharide-protein conjugates were 
proposed as alternatives to polysaccharide-protein conjugate vaccines against 
bacteria, {Pozsgay, 2000 #247} Indeed, such constructs were found immunogenic on several 
occasions, including examples whereby the oligosaccharide portion was made of one 
repeating unit only.{Benaissa-Trouw, 2001 #363}{Mawas, 2002 #364} We reasoned that 
glycoconjugates incorporating chemically synthesized oligosaccharides, appropriately 
selected for their ability to mimic the native O-SP in terms of both antigenicity and solution 
conformation, may offer an alternative to the & Jlexneri 2a O-SP-protein conjugates currently 
under study. Our approach relies on a rational basis. Indeed, in order to select the best 
oligosaccharide mimic, we have undertaken the characterization of the antigenic determinants 
of £ flexneri 2a O-SP recognized by serotype-specific protective monoclonal antibodies. The 
synthesis of a panel of methyl glycoside oligosaccharides representative of fragments of £ 
flexneri 2a O-SP was thus undertaken to be used as probes in the study of antibody 
recognition. 

A B E C J> 

2)-a-L-Rh^-(l-*2)-a-L-R^ 

The O-SP of & flexneri 2a is a heteropolysaccharide defined by the pentasaccharide 
repeating unit I. {Simmons, 1971 #88; Lindberg, 1991 #46) It features a linear tetrasaccharide 
backbone, which is common to all & flexneri O-antigens and comprises a tf-acetyi 
glucosamine and three rhamnose residues, together Midi an a-D-ghicopyranose residue 
branched at position 4 of one of the rhamnoses. We have already reported on the synthesis of 
the methyl glycosides of various fragments of the O-SP, including the known EC 
(Saccharide, {Berry, 1974 #224; Lipkind, 1987 #223} {Mulard, 2000 #52} the ECD{Mulard, 
2000 #52} and B(E)C (Mulard, 2000 #52} trisaccharides, the ECDA{Segat, 2002 #22S} and 
AB(E)C{Costachel, 2000 #101} tetrasaccharides, the B(E)CDA{Segat, 2002 #225} and 
DAB(E)C{Costache], 2000 #101} pentasaccharides and more recently the B(E)CDAB(E)C 
octasaccharide.{B6Iot, 2002 #314} In the following, we report on the synthesis of the 
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ECDAB, AB(E)CD pentasaccharides as well on that of the B(£)CD tetrasaccbaride as their 
methyl glycosides, 1, 2 and 3, respectively. 

RESULTS AND DISCUSSION 

Analysis of the targets shows that all the glycosylate reactions to set up involve 1,2-MffJ 
glycoside linkages except for that of the E-C junction which is 1,2-cfr. Consequently, the 
syntheses described herein rely on key EC disaccharide building blocks as well as on 
appropriate A, B and D monosaccharide precursors* 

Synthesis of the linear ECDAB-OMe pentasaccharide (I): Based on earlier findings in the 
series which have demonstrated that the C-D linkage was an appropriate disconnection 
site,{Segat, 2002 #283} a blockwise synthesis of 1 was designed (Scheme 1). It is based on 
the glycosylation of the known EC trichtoroacetimidate donor XX,{MuIard, 2000 #196} 
obtained in three steps (69%) from the key intermediate XX,{Segat, 2002 #283 } and the BAB 
trisaccharide acceptor XX. The latter was obtained by the stepwise condensation of known 
monosaccharide precursors, readily available by selective protection, deprotection and 
activation sequences. Thus, TMSOTf-catalysed condensation of the xhamnopyranoside 
acceptor XX{Pozsgay, 1987 #241} with the trichloroacetimidate donor XX{Castro-Palomino t 
1996 #47} in diethyl ether to give the fully protected rhamnobioside XX, and subsequent de- 
0-acetylation under Zempten conditions gave the AB disaccharide acceptor XX in XX% 
overall yield, which compares favourably with the previously described 
preparation. {Pozsgay, 1987 #241} Conventional glycosylation of XX with the known 
glucosaminyl bromide, (Debenham, 199S #63}chosen as the precursor to residue D, under 
base-deficient conditions in order to avoid orthoester formation, smoothly afforded the fiilly 
protected DAB trisaccharide (XX%). Removal of the tetrachtorophtalimide and concomitant 
deacetylation by action of XXX in XXX, followed by JV-acetylation furnished the triol XX 
(XX%), which was next protected at positions 4 D and 6 D by regioselective introduction of an 
isopropylidenc acetal upon reaction with 2^-dimethoxypropane under acid-catalysis (XX%). 
fmentionner produU vert fluo) Indeed, data previously obtained when synthesizing shorter 
fragments in the series outlined the interest of using 4,6~0-isopropylidene-glucosaminyi 
intermediates instead of the more common benzylidene analogs. {Mulard, 2000 #196} Once 
the two key building blocks made available, their condensation was performed in 
dichloromethane in the presence of a catalytic amount of TMSOTf to give the fUlly protected 
pentasaccharide XX (XX%). Conventional stepwise deprotection involving (i) acidic 
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hydrolysis of the Isopropylidene acetal using 90% aq TPA to give diol XX (XX%), (ii) 
conversion of the latter into the corresponding tetrad XX under Zempten conditions (XX%)* 
and (iii) final hydrogenolysis of the benzyl protecting groups, gave the linear pentasaccharide 
1 in XX% yield. 

Synthesis of the AB(E)CD pentasaccharide 2 and of the B(E)CD tetrasaccharide S (Scheme 
2), For reasons mentioned above, confound XX,{Mulard, 2000 #1 96) protected at its 4 and 6 
hydroxyl groups by an isopropylidene aceta! was the precursor of choice for residue D. In the 
past, introduction of residue B at position 3c was performed on a 2c-0-benzoylatcd EC 
acceptor resulting from the regioseiective acidic hydrolysis of the corresponding 2,3- 
orthoester intermediate. {Costachel, 2000 #55}{Segat, 2002 #283} It rapidly occurred to us 
that opening of the required phenyl ortho ester was not compatible with the presence of an 
isopropylidene acetaL For that reason, the trichloroacetimidate donor XX, suitably 
benzoylaled at 2c and orthogonally protected by a chloroacetyi group at position 3c was used 
as the EC building block instead of the previously mentioned XX. The choice of protecting 
group at position 2 of the rhamnosyl precursor to residue B was again crucial in the synthesis 
of 2. Indeed, most of our previous work in the series relied on the use of the known 2-0- 
acetyl rhamnopyranosyl donor XX, {Castro-Palomino, 1996 #47} as an appropriate precursor 
to residue B, In the reported syntheses, {Costachel, 20Q0 #55} selective 2 B -0-deacetylation 
the presence of a 2c-0-benzoate was best performed by treatment with methanollc HBF^OEtj 
for five days. Clearly, such deacetylation conditions are not compatible with the presence of 
isopropylidene group on the molecule either. To overcome this limitation, the corresponding 
2-0-chIoroacetyl rhamnopyranosyl trichloroacetimidate XX was selected as an alternate 
donor. The latter could indeed also serve as an appropriate precursor to residue A. 
Regioseiective conversion of diol XX into its 2-0-benzoylated counterpart XX was performed 
as described, {Segat, 2002 #283} Treatment of the latter with chloroacetic anhydride and 
pyridine gave die orthogonally protected XX (XX%), which was smoothly de-0-aHylated to 
yield the corresponding hemiacetal XX (XX%) by a two-step process, involving (i) iridium 
(I)-promoted isomerisation{01tvoort 3 1981 #216} of the allyl glycoside and (ii) subsequent 
hydrolysis in the presence of iodine.(Re$ cf Nacira) The selected txtchloroacetimidate leaving 
group was successfully introduced by treatment of XX with trichloroacetonitrile in the 
presence of DBU, which resulted in the formation of XX (XX%). TMSOTf-mediatcd 
glycosylation of donor XX and acceptor XX furnished the folly protected ECD trisacoharide 
(XX%), which was as expected readily converted to the required acceptor XX upon selective 
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deblocking of the chloroacetyl protecting group with thiourea <XX%). Foflowtag foe two-step 
protocol described above for the preparation of XX, the known allyl rhamriopyranoside 
XX,{Westerduin, 1988 #348} bearing a 2-O-choloacetyl protecting group, was converted to 
the hemiacetal XX (XX%). Next, treatment of the latter with trichloroacetonitrile and a slight 
amount of DBU gave donor XX in an acceptable yield of XX%. Glycosylation of the ECD 
acceptor XX and the B donor XX was attempted under various conditions of solvent and 
catalyst. Whatever the conditions, hardly separable mixtures of compounds were obtained. 
When using TMSOTf as the promoter and XXX as the solvent, the expected tetrasaccharide 
XX was indeed formed, although it was often markedly contaminated with glycosylation 
intermediates such as the silylated XX as well as the orthoester side-product XX, as suggested 
from mass spectroscopy analysis and NMR data. In feet, the nature of the latter was fully 
ascertained at the next step in the synthesis. Indeed, treatment of a mixture of the 
condensation products XX and supposedly XX resulted in the expected tetrasaccharide 
acceptor XX contaminated by the trisaccharide acceptor XX, whereas the corresponding (JB- 
tetrasacoharide isomer could not be detected at this stage, which indicated that the 
corresponding chloroacetylated XX was not part of the initial mixture. Formation of the 
starting XX during the dechloroacetylation step is not unexpecred as it may be explained by 
intramolecular rearrangement leading to expulsion of the B residue, following dechlorination 
in the presence of XXX. Starting from XX, the isolated yield of the tetrasaccharide acceptor 
XX was XX%, which encouraged us to reconsider the use of the 2-O-acetyl analogue XX as a 
precursor to residues B and A in the synthesis of 2. 



Asuivre ... 



CONCLUSION 

The synthesis of the methyl glycoside (2) of the repealing unit I of the £ flcxneri 2a 
O-SP. together with that of the corresponding pentasaccharide 1 and tetrasaccharide 3 were 
described. All the methyl glycosides of the di- to pentasaccharides obtained by circular 
permutation of the monosaccharide residues partaking in the linear backbone of I, and 
comprising the EC portion, are now available in the laboratory. Their binding to a set of 
available protective IgG antibodies will be reported elsewhere. 
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EXPERIMENTAL 

General Methods. General experimental methods not referred to in this section were 
as described previously.(REF) TLC on precoated slides of Silica Gel 60 Tzs* (Merck) was 
performed with solvent mixtures of appropriately adjusted polarity consisting of A, 
dicblor&methane-methanol; B t cyclohexane-cthyl acetate, C, cyclohexane-diethyl ether, D, 
water-acetonitrile, E, &o-propanol-ammonia-water, F, cyclohexane-diethyl ether-ethyl acetate. 
Detection was effected when applicable, with UV light, and/or by charring with orcinol (35 
mM) in 4N aq H2SO4. In the NMR. spectra, of the two magnetically non-equivalent gerninal 
protons at C-6, the one resonating at lower field Is denoted H-6a and the one at higher field is 
denoted H-6b. Interchangeable assignments in the 13 C NMR spectra are marked with an 
asterisk in Hating of signal assignments. Sugar residues in oligosaccharides are serially lettered 
according to the lettering of the repeating unit of the O-SP and identified by a subscript in 
listing of signal assignments. Low-resolution mass spectra were obtained by either chemical 
ionisation (CIMS) using NH3 as the ionising gas, by electrospray mass spectrometry (ESMS), 
or by fist atom bombardment mass spectrometry (FABMS). 

Methyl (2-acetamldo-2-deo^-4,6"0-lsopropyHdenc-P-D-glucopyranosyO<1^2>(3.4-di-0- 
beinyl-a-I^rhamnopyranosyD-(l-^2)-{3,4-di-0.ben^rl^o-L-rhaninopyranoslde (XX). 2,2- 
dimethoxypropane (4.9 mL, 39.8 mmol) and jwra-tohienesulfonic acid (1$ mg, 95 umol) were 
added to a solution of the triol XX (964 mg, 1.09 mmol) in acetone (3 mL) and the mixture was 
stirred at rt for lb. EtjN was added, and volatiles were evaporated. Column chromatography of the 
residue (solvent D, 99:1) gave the acceptor XX as a white solid (969 mg, 96%) which could be 
crystallized fiom AcOEt:iPr 2 0; mp XX°C; (o] 0 XX (c 1.0); NMR: 'H. 5 7.45-7.31 (m, 20H, Ph), 
6.98 (d, 1H, Jut* = 2.4 Hz, NH), 6.37 (bs, 1H, OH), 5.07 (d. 1H, J U « 1.9 Hz, H-1a), 4.90 (d. 1H» 
J - 10.8 Hz, OCHj), 4.85 (d, 1H, J - 10.1 Hz, OCH 2 ), 4.84 (d, IH, J = 10.8 Hz, OCHj), 4.76 (d, 
1H, OCHj), 4.69 (d, 1H, OCH 2 ), 4.68 (s, 2H, OCHj), 4.65 (d, 1H, OCHj), 4.61 (d, 1H, J w - 1.6 
Hz, H-1 B ), 4.48 (d, IH, J u - 8.3 Hz, H-1 D ), 4.09 (dd, 1H. H-2a), 4.01 (dd, 1H, J w = 3.2, J,, 4 = 9.4 
Hz, H-3a), 3.91 (dd, 1H, H-2 B ), 3.89-3.84 (m. 2H, J S js= 6.3, J 4> s= 9.4, h.V 3.3, l w « 9.4 Hz, H- 
5a, 3 B ), 3.68 (dq, partially overlapped, J M - 6.2, J4,s= 9.5 Hz, H-5 B ), 3.66-3.58 (m, 4H, H-6a D , 
6bD, 2 D , 4d), 3.44 (pt, 1H, H-4a), 3.41 (pt, 1H, H-4a), 3.32 (s, 3H. OCH,), 3.16 (m, 1H, H-5 D ), 
1.60 (s, 3H, C(0)CHj), 1.54, 1.48 (2s, 6H, C(CH 3 )j), 1.35 (d, 6H, H-6A, 6 B ); "C, 5 173.9 (CO), 
138.8-128.0 (Ph), 103.7 (C-1 D ), 101.3 (C-Ia), 100.3 (C(CHj) 2 ), 100.2 (C-1 B ), 81.9 (C-4a), 80.8 
(C4 B ), 80.5 (C-3a), 79.7 (C-3 B ), 79.4 (C-2,0, 76.2 (OCHj), 76.0 (C-2 B ), 75.6, 75.1 (2C, OCHj), 
74.4 (C-4 D ), 74.4 (C-3 D ), 72.6 (OCHj), 68.6 (C-5a), 68.0, 67.9 (2C, C-5 B , 5 D ), 62.2 (C-6o), 60.6 
(C-2n). 55.1 (OCH3). 29.5 (C(CH,)j), 22.7 (C(0)CHj). 19.4 (CfCHjfc), 18.5, 18.2 (2C, C-6a, 6 B ). 
FABMS for C52H65NO14 (M, 927.44) mfi 950.5 [M+Na] + . 

Anal. Calcd for C5 2 H«NOi4: C, 67.30; H, 7.06; N, 1.51%. Found; C, 67.15; H, 7.24; N, 
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1.44%. 



Methyl (^A^Tetra^ben2yl^D-gIucopyMno«yI)<l^-C23"d^^t)enzoyl.a.l^ 
rhaiMopyranosylH1^3V<^ Mel ^ 

rtamnopyranoside (XX). Activated powdered 4A molecular sieves were added to a solution of 
the trisaccharide acceptor XX (202 rag, 0.22 mmol) and the disaccharide donor XX (263 mg, 0.25 
mmol) in anhydrous CHiCl* (5 mL) and the suspension was stirred for 30 min at -15°C. 
Trifluoromethanesulfonic acid (7 uL, 34 nmol) was added and the mixture was stirred for 2 h 
while the bath temperature was Slowly coming back to 10°C TLC (solvent D, 49:1) showed that 
no XX remained. Et 3 N was added and after 30 min, the suspension was filtered through a pad of 
Celite. Concentration of the filtrate and chromatography of the residue (solvent B, 9:1 -> 17:5) 
gave the fully protected pentasaccharide XX (330 mg, 84%) as a white foam; [a] D XX (c 1.0); 
NMR: 1H, 8 8.07-6.96 (tn, SOH, Fh), 5.82 (d, 1H. Jnhj- 7.4 Hz, NH). 5.63 (dd, IH, J«= 3.5, J 3 .4 
= 9.5 Hz, H-3c). 5.43 (dd, 1H, J u - l-« Hz, H-2c). 5.09 (bs, IH, H-1 B ), 5.02 (d, IH, J„= 3.4 Hz, 
H-Ib). 4.99 (d, IH, J„ = 8.3 Hz, H-1 D ), 4.95 (d, 1H, J u « U Hz, H-l c ), 4.94-4.63 (m. 13H, 
OCH 2 ). 4.63 (s, 1H, H-W. 4.37 (d. 1H, J = 11.0 Hz, OCH*), 4.29 (dq, IH, 9.5, J M = 6.2 Hz, 
H-5c), 4.25 (d, IH, J - 9.5 Hz, OCHj), 4.23 (pt, IH, J s<4 - h fi ~ 9.5 Hz, H-3 D ), 4.01 (m. IH, H-2 B ), 
3 97-3.86 (m, 5H, H-3& 2a, 3b, 4c OCH*), 3.82 (m, IH, H-3a, SbX 3.71-3.57 (m, 7H, H-Sd, 4 E , 
5a, 4o, 4 E , fias, 6ob), 3.54-3.41 (m, 3H, H-2 E , 4b. 2o) 3.38-3.31 On, 2H, H-4a, 6ao), 3.31 (s, 3H, 
OCHj), 3.17 (m, IH, H-5 B ). 3.08 (d, IH, W 10.1 Hz, H-6bo)i 1.84 (s, 3H. NHAc), 1.46 (s, 3H, 
aCHjfe), 1.45 (d, 3H. Js*= 5.9 Hz, H-6 C ). 1.35 (m. 6H. J w = 5.9 Hz, H-6 B , C(CHj)a), t31 (d, 
3H, Ju - 62 Hz, H-6a); »C, 5 171.7, 165.9, 165.8 (3C, CO). 1385-127.9 (Ph), 102.3 (C-lx, J - 
167 Hz), 101.5 (C-lx, J= 170 Hz), 100.3 «M* J = 170 Hz), 99.8 (C(CH,)a), 99.6 (C-lx, J - 172 
Hz), 98.2 (Clx, J= 172 Hz). 82.0 (C-Xa), 81.2 (C-Xb), 80.9 (C-Xa), 80.7 (C-X B ), 79.7, 79.3 (3C, 
OCHa), 78.1 (C-Xa), 77.8, 77.4, 75.5, 71.8 (5C, OOfeX 71.7 (C-Xb), 71.6 (CX), 68.8 (CX), 68.0 
(C-6 E ), 67.6 (C-Xd), 62.S (C-6 D ), 58.9 (C-2 0 ), 55.0 (OCH,). 29.5 (C(CH } >2), 23.8 (C(0)CH,), 19.8 
(C(CHj) 2 ), 18.6 (C-6c). 18.5 (C-6a), 18.3 (C6 B ). XXMS for CuwHutNOj* (M, 1803.79) mk XXX 

Anal. Calcd for CosHmNOjs: C, 70.53; H, 6.53; N, 0.78%. Found: C, XXXX; H, XXX; 
N,XXX%. 

Methyl (2^,4,6-Tetw-CM»enzyl-o-D-glucopytMOsyW1^4)-C8^-di-0-bettzoyl.a.^ 
rhamuopyr«n©syM1^3M*-«eetamido-2-de©xy-M-^^^^ 

benzyl^-L.rhamnopyranosyD.(l->2)-3/l-dW)-benzyl-o.-L-rhamnopyranoside (XX). 90% aq 
TFA (750 uL) was added at 0°C to a solution of the fully protected XX (588 mg, 326 pmol) in 
CHzCh (6.7 mL) and the mixture was stirred at this temperature for 1 h. TLC (solvent B, 1.5:1) 
showed that no XX remained. Volatiles were evaporated by repeated addition of toluene. 
Chromatography of the residue (solvent S, 4:1 -* 1:1) gave XX (544 mg, 9S%) as a white foam; 
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[alu XX 0 (fi 1.0); NMR: ^ 8 8.06-7.06 (m, 50H, Ph), 5.82 (d, IH, Jnh.s= 7.1 Hz, NH), 5.6S (dd, 
IH, J w = 3.8, J 3j4 = 9.0 Hz, H-3 C ), 5.53 (m, IH, H-2 C ), 5.34 (s, 1H, H-U), 5.04 (d, 1H, J u = 8.3 
Hz, H-1 D ), 5.00 (m, 2H, H-lc, Is), 4.97-4.63 (to, 13H, OCHj), 4.48 (bs, IH, H-1a), 4.40 (d, IH, J 
= 8.4 Hz, OCH2), 4.29 (d, IH, J= 8.0 Hz, OCHj), 4.28-4.21 (m. 2H, H-3 D , 5 C ), 4.10 (m, 1H, H- 
2a). 4.04 (m, IH, H-2 B ), 3.99 (d, IH, OCHj), 3.95-3.89 (m, 3H, H-3b, 3 E , 4 C ), 3.87 (dd, 1H, h* - 
2.7, J,,*= 9.7 Hz, H-3a), 3.81-3.64 (m, SH, H-5 E , 5 B . 6a D ,4 E , 5a), 3.54 (dd, 1H, Ju= 3.2, Jy- 9.7 
Hz, H-2 E ), 3.51 (pt, 1H, Jj.4 = Jaj ■ 9.5 Hz, H-4 B ), 3.45-3.37 (m, 4H, H-4a, 4 d , 6^, 2 D ), 3.33 (m, 
5H, H-5q, 6bo, OCH3), 3.12 (d, IH, J«Mh- 10.6 Hz, H-6b-:), 2.28 (bs, 1H, OH),1.97 (bs, 1H, OH), 
1.84 (s, 3H,NHAc), 1.54 (d, 3H, J s .s= 6.1 Hz, H-6 C ), 1 31 (m, 6H, H-6 B , 6a); ,3 C, 8 171.5, 165.8, 
165.6 (3C, CO), 138.8-127.9 (Ph), 101.6 (C-1 D ), 100.8 (C-1 B ), 100.5 (C-U, 100.1 (C-1 B *), 99.9 
(C-lc*), M.9 (C-3 D ), 82.1 (C-3e). 80.9, 80.7, 80.6, 80.5 (4C, C-4b, 3 a , 4a, 2 E ), 79.7 (C-4 C ), 79.3 
(C-3 B ), 77.8 (2C, C-2 fl , 4 e ), 76.0, 75.9 (2C, OCHj), 75.8 (C-5 D ), 75.6, 75.1, 74.6, 73.7, 73.1 (5C, 
OCHj), 72.8 (C-2a), 72.6 (OCHj), 71.8 (C-5e), 71.6 (C-4 D ), 71.3 (C-3 C ), 71.1 (C-2 C ), 69.4 (C-5 C ), 
68.8 (C-5 B ), 68.3 (C-5a), 68.1 (C-6h), 63.0 (C-6 D ), 57.6 (C-2 D ), 55.0 (OCH3), 23.8 (NHAc), 18.8 
(C-6 C ), 18.6, 18.5 (2C, C-6a, 6 fl ). XXMS for C,ojH us NQjs (M, 1763.76) m&XXX [M+H]+ 

Anal. Calcd for C-oiHiuNOjs: C, XX; H, XX; N, XX%. Found: C, XXXX; H, XXX; N, 
XXX%. 

Methyl (2,3,4,6-Tetra.0.bcnqrl-a-D-glucopyranosyO-(l->4)-o-L-rhamnopyranosyl- 
(l->3)-(2-acetamido-2-dcoxy-p-D-glucopyranosyi)-(l->2)-(3,4-di-0-ben^I-o-L- 
rhamnopyranosyI)-(l->2)-3,4-di-0-benzyl-ti-L-rhamnopyranoside (XX). 1M Methanolic 
sodium metboxide was added to a solution of XX (277 nig, 157 umol) in a 1: 1 mixture of CH2CI2 
and MeOH (6 mL) until the pH was 10. The mixture was stirred overnight at rt and neutralized 
with AmberlHe IR-120 (H*). The crude material was chromatographed (solvent D, 49:1) to give 
XX (211 mg, 86%) as a white foam; [a] D XX° (c 1.0); NMR.* 'H, 68.07-7.06 (m, 50H, Ph), 5.82 
(d, IH. Jmj = 7.1 Hz. NH), 5.65 (dd, IH. Jjj = 3.8. J3.4 = 9.0 Hz, H-3c), 5.53 (dd, IH J u - 16 
Hz, H'2<$, 5.34 (s, IH. H-Jb), 5.04 (d, IH, J,j - 8,3 Hz, H-lo). 5.00 (m. 2H, H-l c , W. 4.97-4.63 
(m, J3H, OCHj). 4.48 (bs. IH, H-U, 4.40 (d. IH, J = 8.4 His, OCHg), 4.29 (d, IH, J = 8.0 Hz, 
OCHj), 4.28-4.21 (m, 2H, H-3d, 5c). 4.10 (m, IH, H-2/), 4.04 (m, IH. H-2a), 3.99 (d, IH. OCHj), 
3.95-3.89 (m, 3H, H-3& 3 a . 4J, 3.87 (dd, IH, J*, « 2.7, J ix4 - 9.4 Hz. H-3a), 3.81-3.64 (m. SH, H- 
5a. St. 6ao. 5a. 4e). 3.54 (dd, IH, Jjj - 3.2. J,.< "9.7 Hz, H-2&, 3.51 (pt, IH, J 4 .s = Jt.4 - 9.5 Hz. 
H-4b). 3.45-3.37 (m, 4R H-4 A , 4* 6a B 2d), 3.33 (m, SH, H-So, 66ft OCH3), 3.12 (d, IH Jta.a - 
10.6Hz, H-6b£) 2,28 (bs, IH, OH), 197 (bs, IH, OH), 1.84 (s, 3H, NHAc), 1.53 (d, 3H, 6.1 
Hz. H-6cJ. 1.37 (m, 6H, H-6 B . 6a); "C. S171.5, 165.8, 165.6 (3C. CO), 138.8-127.9 (Ph), 101.6 
(C-la), 100.8 (C-1b), 100.5 (C-U, 100.1, 99.9 (2C. C-le. lc). 84.9 (C-3p). 82.1 (C-3g), 80.9, 
80.7, 80.6, 80.5, 79.7 (5c C-4& 3A, 4A, 2E, 4Q (3C, OCH^, 781 (C-XJ, 77.8, 77.4, 75.5, 71.8 
(SC. OCHj), 71.7 (C-Xb), 71.6 (C-X), 68.8 (C-X). 68.0 (C-6t). 67.6 (C-Xq). 62.5 (C-60), 58.9 (C- 
26), 55.0 (OCHj), 29.5 (CfcHM 23.8 (C(0)CHj), 19.8 (C(CHj)i), 18.6 (C-6). 18.5 (C-6a), 18.3 
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(C-tfjjJ.'XXMS for CimHujNOjs (M, 1763.76) mfcXXX (M+H] + . 

Anal. Calcd for CiojHiuNfcs: C, XX; H, XX; N, XX%. Found: C, XXXX; H, XXX; N, 
XXX% 

Methyl a-D-Glucopyranosyl-(l->4)-a'L-rhamnopyranosyt-(l->3)-2-acetaniido-2- 
deo3^-p-D-glucopyranosyKl-»2)-a-L-rhamnopyranosyI-(l-»2)-a-L-rhamtiopyraDoside 
(1). The benzylated tetrasaccharide 23 (484 mg, 394 pmol) was dissolved in a mixture of 
methanol (10 mL) and AcOH (1 mL), treated with 10% Pd-C catalyst (200 mg), and the 
suspension was stirred overnight at rt. JZC (solvent D. 3:2) showed that the starting material 
had been transformed into a more polar product. The suspension was filtered on a pad of 
Celite. The filtrate was concentrated and coevaporated repeatedly with cyclohexane. Reverse 
phase chromatography of the residue (solvent F, 100:0 -+49; J), followed by freeze-drying, 
gave the target tetrasaccharide 1 as an amorphous powder (230 mg 85%); [aJ D +3° (c 1.0, 
water); NMR: >H. S5.04 (d, IN, Jjj - 3.8 Hz, H-W, 4.87 (bs, 1H, H-lc). 4.84 (bs. 1H, H- 
lA), 4.76 (d, overlapped. Iff, H-lo). 4.10 (dq, 1H, J 4 ,s - 9.5 Hz, H-Sc>, 4.01 (m, 1H, H-2/), 
4.00 (m, 1H, H-5e). 3.92 (dd, 1H, J 6a .6b - 12.0, J S .s a - 1.8 Hz, H~6ac). 3.87-3.73 (m, 7R H- 
3c 3 A , 6at, 6b£, 2 D , 2c 6ba). 3.73-3.61 (m. 3H. H-3e, 3d, 5a), 3.59-3.43 On, 5H. H-2& 4a 
4c Sd, 4e). 3.39 (s, 3H. OCH3), 3.32 (pt, 1H, J 3>i = J 4 , s - 9.6 Hz, H-4a), 2.07 (s, 3H, 
C(0)CH3). 1.32 (d, 3H, Js.s = 6.2 Hz. H-60, and 1.28 (d, 3H, Js,6 = 6.2 Hz, H-6/); «C, 
3175.3 (C(0)), 102. 7 (C-lo, 7= 163 Hz), 102.0 (C-1 C , J = 170 Hz), 100.5 (2C. C-1 A . 1&J = 
170 Hz), 82.3 (C-3a), 81.8 (C^c), 79.3 (C-2a), 76.7 (C-4& 73.6 (CStf, 73.1 (C-4a). 72.6 
(C-5e>. 714 (C-2e). 71.8 (C-2c). 70.7(0-3 a), 70.1 (C-5d), 69.7 (C-3c). 69.3 (C-Sa), 69.2 (C- 
4d), 68.9 (C-5c), 61.4 (C-6d), 60.9 (C-6e). 56.4 (C-2 D ). 55.6 (OCH3). 23.0 (C(O)CHj), 17.5 
(C-6a), and 17.3 (C-6q). FABMSfor C27H47NOW (M, 689.3) m/z 712.2 (M+Na]+. 

3,4-Di-0<-benzyl-2-0-ch!oroacetyl-a-L-rhamnopyrano9e (XX). 1,5-Cycboctadiene- 
bis(methyldiphenylphosphine)iridium hexafluorophosphate (tr(I), 25 mg) was dissolved in dry 
THF (5 mL) and the resulting red solution was degassed in an argon stream. Hydrogen was 
then bubbled through the solution, causing the colour to change to yellow. The solution was 
then degassed again in an argon stream. A solution of XX (3.28 g, 7.12 mmol) in THF (30 mL) 
was degassed and added. The mixture was stirred overnight at rt, and a solution of iodine (3.6 
g, 14.2 mmol) in a mixture of THF (70 mL) and water (20 mL) was added. The mixture was 
stirred at rt for 1 h, then concentrated. The residue was taken up in CHiClj and washed twice 
with 5% aq NaHSCU. The organic phase was dried and concentrated. The residue was purified 
by column chromatography (solvent B, X:X) to give XX (2.53 g, 85%) gs_s sliehttv veltow 
fsm- > Md +25° (e 1.0); ! H NMR: S 7.40-7.28 (m, 10H, Ph), S.S7 (bd, 0.2H, H-2P), S.45 
(dd, 0.8H, J u - 2.0 Hz, H-2a), 5.13 (bd, 0.8H, H-la), 4.92 (d, 1H, J = 10.9 Hz, OCHja, 
OCHzp), 4.79 (d, 0.2H, J = 11.2 Hz, OCHjp), 4.74 (d, 1H, J = U.2 Hz, OOfcct, H-ip), 4.6S 
(d, 0.8H, OCHza), 4.64 (d, 0.2H, OCHjp), 4.58 (d, 0.8H, OCHja), 4.54 (d, Q.2H, OCH2P), 



4 



/ 



LMPP1 l«exp^rcva*pentoOMe 



CSV 02434683 2003-07-04 



3H, CHjCl, H-5 Cs 3 C ), 3.84 (m, 1H, H-5b), 3.78-3.74 (m, 2H, H-6a & 4 B ). 3.70 (pt, 1H, J 4>s - 
Jj.4 - 9.3 Hz, H-4 C ), 3.58-3.54 (m, 2H, H-6hB, 2e), and 1.50 (d, 3H, J sfi = 6.2 Hz, H-6 C ); ,3 C 
NMR: 8167.0 (OO, ClAc), 166.0 (OO, Bz), 139.1-128.0 (Ph, MX 118.5 (All), 99.5 (C-Ib), 
96.8 (C-le), 81.9 (C-3b), 81.0 (C-2e), 79.7 (C-4 C ), 77.7 (C-4a), 76.0, 75.4, 74.1. 73.8 (4C, 
OCHj), 73.5 (C-3 c ), 71.8 (C-5 B ), 70.9 (C-2c). 68.8 (OCHjah), 68.1 (C-6 B ), 67.7 (C-5c), 41.5 
(CHjCl), and 18.6 (C-6c); FAB-MS for C52H55O12 (M, 906.5) n/z 929.3 (M+Na] + . 
Anal Calcd for CaHssClOu: C, 68.83; H, 6.11%. Found; C 68.74; H, 6.19%. 

(2^,4,6-Tetra-0-b€nzyl-a-D-glucM;p>ranosyO-(1^4)-2-(?.bcnzoyl-3-0-chloroacetyl-a/p-L- 
rhamnopyrauose (XX). A solution of XX (7.21 g, 7.93 mmol) in THF (80 mL) containing 
activated iridium complex (60 mg) was treated as descried for the preparation of XX. The 
mixture was stirred at rt for 3 h, at which point a solution of iodine (4.0 g, 15.7 mmol) in a 
mixture of THF (90 mL) and water (24 mL) was added. The mixture was stirred at rt for 30 mm, 
then concentrated. The residue was taken up in CHjClj and washed twice with 5% aq NaHS0 4 , 
then with brine. The organic phase was dried and concentrated. The residue was purified by 
column chromatography (solvent B, 4:1) to give XX (6.7 g, 97%) as a slightly yellow foam. 
[a] 0 +25 t (e J. 0); l H NMR: S 8.10-7.09 (m, 2SH, Ph), 5.47 (dd, 1H, J w - 3.5. J iA - 9.3 Hz, H- 
3 C ), S.41 (hs. 1H, H-2 C ), 5.03 (bs, 1H. H-l c ), 4.94 (d, 1H, J « 10.9 Hz, OCH 2 ), 4.87 (d, IH, h* 
- 3.4 Hz, H-l B ), 4.85 (d, lH, OCHj), 4.80 (m, 2H, OCHj), 4.64 (m, 2H, OCHj), 4.45 (d, 1H, J » 
10.7 Hz, OCHj). 4.41 (d, 1H. J« 12.1 Hz, OCHj). 4.16 (dq, 1H, J«= 9.3 Hz, H-5c), 4.09 (d. 
1H, J = 15.6 Hz, CHjCl), 3.96 (d, 1H, CHiCl). 3.93 (pt, 1H, H-3e). 3.83 (m, IH, H-5 B ), 3.77- 
3.68 (m, 2H, H-48, 6ae), 3.65 (pt, 1H, H-4 C ), 3.54 (m, 2H, H-6be, 2b), and 1,48 (d, 3H, 6.2 
Hz. H-6 C ); "C NMR: 6167.0 (0=0, ClAc), 166.0 (O=0, Bz), 139.1-127.9 (Ph), 99.5 (C-1e), 
92.3 (C-lc), 81.9 (C-3e), 81.0 (C-2 B ), 79.9 (C-4c), 77.6 (C-4 B ), 76.0, 75.6, 74.2, 74.1 (4C, 
OCH,), 72.1 (C-3 C ), 71.7 (C-4 e ), 71.1 (C-2c). 68.0 (C-6b), 67.5 (C-Sc), 41.5 (CHjCl), and 18.9 
(C-6c); FAB-MS for Q 9 H$iC10» (M, 866.3) m/z 889.3 [M*Na] + . 

AnaL Calcd for C^sHjiCIOjj: C, 67.85; H, 5.93%. Found: C, 67.72; H, 6.00%. 

(2,3,4,6-tetra-0-benzyl-a<D-glucopyranosyl)-(l->4)-2-0-bcD2oyJ-3-0-chloroacctyl-a-L- 
Thamnopyranosyttriehloroaeetimidate (XX). Trichloroacetonitrile (1.1 mL, 10.9 mmol) and 
DBU (17 uL) were added to a solution of the hemiacetal XX (950 mg, 1.09 mmol) in dry DCM 
(8 mL). and the mixture was stirred at 0°C for 1.5 h. Toluene was added, and volatiles were 
evaporated. The residue was purified by flash chromatography (solvent B, 3:2 containing 0.1% 
Et 3 N) to give XX (930 mg, 84%) as a XXXXXXX. Further ehttion gave some remaining starting 
material XX (136 mg, 14%). [a] D +25° (e 1.0); l H NMR: 8 8.76 (s, 1H, NH). 8.12-7.17 (m, 
25H, Ph), 6.34 (d, 1H, J«- 1.5 Hz. H-l c ), 5.67 (dd. 1H, H-2c), 5.54 (dd, IH, J u = 3.4, J,. 4 = 8.8 
Hz, H-3 C ), 4.98 (d, IH, OCHj), 4.88 (d. IH, Ju» 3.4 H-1b), 4.84 (d, IH, J - 11.1 Hz, OCHj), 
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4.82 (d, IH, J - U.2 Hz, OCHa), 4.65 (d, 1H, OCHi). 4.62 (d, IH, OCHj), 4.44 (d, IH, J = 11.4 
Hz, OCHj). 4.41 (d, 1H, J- 1 1.8 Hz, OCHj), 4.14 (dq, IH, J«.s - 9.5 Hz, H-5 C ), 4.U (d, 1H, J - 
15.5 Hz, CHaCfl, 3.98 (d, IH, CH 2 Cl), 3.94 (pt, IH, H-3e), 3.83-3.71 (m, 4H, H-S E , 6a£, 4 & 4 C ), 
3.56-3.51 (m, 2H, H-fl*, 2 B ), and 1.51 (d, 3H, J 5(6 » 6.2 Hz, H-6 C )5 "C NMR: Q167.1 (C=0, 
CIAc), 165.7 (CO.Bz), 169.6 (C=NH), 139.0-127.9 (Ph), 99.9 (C-1e), 95.2 (C-l c ), 82.1 (C- 
3 B ), 80.9 (C-2e), 79.0 (C4 C ), 77.6 (C-4 E ). 76.0, 75.6, 74.2, 73.8 (4C, OCH2), 73.0 (C-3 C X 71.9 
(C5 E ), 70.7 (C-5 C ), 69.2 (C-2cX 68.0 (C-6e). 67.7 (C-5 C ), 41.4 (CHzCl), and 18.6 (C-6 C ). 

AnaL Calcd for CsiHsiCUNOu: C, 60.54; H, 5.08; N, 1.38%. Found: C, 60.49; H, 5.01; 
N, 1.34%. 

Methyl (2,3,4,6-t«tni-0-benzyI-o-D-g!ucopyrano8y[>-(l-+4)-(2-0-benzoy)-3-0- 
chloroacetyl-a-L-rhamnopyranosyl)-(l->3)-2-acet*mido-2-deoxy-3,4-0-isopropyHdcne- 
M>-glucopyranoside (XX). The acceptor XX (500 mg, 1.82 mmol) was dissolved in DCM 
(5 .5 mL) and 4A-MS (300 mg) were added. The mixture was cooled to -60 °C and stinted for 
15 min. TMSOTf (35 pL, mmol) and a solution of the disaccharide donor XX (2.39 g, 2.36 
mmol) in DCM (7.5 mL) were added. The mixture was stirred for 45 min while the cooling 
bath was coming back to it, and for more 3 h at rt. The mixture was men heated at 65°C for 1 
h 30 min. Et 3 N was added and the mixture was stirred at ft for 20 min, then diluted with 
CHjCfc and filtered through a pad of Celite. The filtrate was concentrated and purified by 
column chromatography (solvent B, 85:15 -* 1:1) to give XX (1.64 g, 80%) as a XXXXXX . 
[a] D +25' (c J.0J; »H NMR: S 8.06-6.93 (m, 2SH, Ph), 6.18 (d, IH, Jwy = 7.3 Hz, NHn). 
5.40 (dd, IH. J w = 3.5 Hz. H-3cX 5.38 (Jos, IH, H-2 C ), 4.98 (d, IH, J,^= 8.3 Hz. H-lo), 4.94 
(bs, IH, H-lc), 4.94 (d, IH, OCHj), 4.93 (d, IH, J u » 3.4 Hz, H-la), 4.83 (d, 2H, J = 10.7 Hz, 
OCHi), 4.81 (d, IH, J- 10.6Hz, OCHj), 4.67 (d, IH, J = 11.7 Hz, OCHi), 4.62 (d. IH, J = 
11.4 Hz, OCH,), 4.47 (m. 3H, H-3d, OCHj). 4.22 (dq, IH, 9.4, J w = 6.2 Hz, H-5c). 4.10 
(d, IH, J * 15.5 Hz, CHjCl), 3.96 (m, 2H, H.6ao, CHaCl). 3.91 (pt, IH, H-Sg), 3.82 (m, 2H, 
H-5 & oho), 3.72 (m, 3H, H-63E, 4b, 4c). 3.62 (pt, IH, J M = J„ - 9.4 Hz, H-4 0 ), 3.55 (m. 2H, 
H-6bB, 2e), 3.51 (s, 3H, OMe), 3.41 (m, IH, H-5 D ), 3.15 (m, IH, H-2 D ), 2.04 (s, 3H, NHAc), 
1.51 (s, 3H. CMej), 1.42 (m, 6H, H-6 C , CMej), and LSI (d, 3H, Js,s = 6.2 Hz, H-6e); U C 
NMR: 8 171.8 (0=0, NHAc), 167.3 (CK), CIAc), 166.1 (OO. Bz), 139.0-128.0 (Ph), 101.1 
(C-1 D , Jcb < 164 Hz), 99.9 (CMe,), 99.4 (C-fe, Jch > 165 Hz), 98.2 (C-l c , Jcb - 172 Hz), 
81.8 (C-3 E ), 80.9 (C-2e), 79.0 (C-4c*), 77.7 (C-4e*). 76.7 (C-3 D ), 75.9, 75.3, 74.2, 73.9 (4C, 
OCHjX 73.7 (C-4 D ), 73.4 (C-3 C ), 71.9 (C-5 E ), 71.2 (C-2 C ), 68.2 (C-ob), 67.8 (C-5 C ), 67.4 (C- 
5 D ), 62.7 (C-6o), 59.6 (C-2 D ), 57.6 (OMe), 41.5 (CH a Cl), 29.5 (CMe 2 ), 27.3 (NHAc), 19.7 
(CMej), and 18.6 (C-6c); FAB-MS for C6,H 7 oCINO,7 (M, 1 123.4) m/z 1 146.5 [M+Na] + . 

Anal. Calcd for C 6 iH TO ClNO,7: C, 65.15; H, 6.27; N, 1.25%. Found: C, 65.13; H, 6.23; 
N, 1.22%. 
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Methyl C2t3v*,6-tetra-0-b«n^lKi0^copyranoiyO<l^^^^benioyl-o-L- 
rhamnopyrtno8yW1^3)-2-acetomido-2^eo:ty^ 

(XX). To a solution of the fully protected XX (1 .40 g, 1 .25 mmol) in a mixture of methanol (1 8 
tnL) and pyridine (18 mL) was added thiourea (951 mg, 12.5 mmol). The mixture was stirred at 
65°C for 5 h at which time no TLC (solvent D, 4:1) that no starting material remained. 
Evaporation of the volatiles and co-evaporation of petroleum ether form the residue resulted in a 
crude solid which was taken up in a minimum of methanol. A large excess of DCM was added 
and the mixture was left to stand at 0°C for 1 h. The precipitate was filtrated on a pad of Celite 
and the filtrated was concentrated. Column chromatography of the residue (solvent C, 4:1) gave 
the trisacchatide acceptor XX (1.28 g, 97%) as a XXXX. [a] D +25« (c 1,0): *H NMR: 5 8.10- 
6.96 (m, 25H, Ph), 6.09 (d, 1H, J f0U = 7.9 Hz, NH D ), 5.26 (dd, 1H, J« = 1.6, J u = 3.4 Hz, H- 
2c), 4.97 (m, 3H, H-l c , 1e, OCH 2 ), 4.86 (m, 3H, H-l„, OCH 2 ), 4.81 (d, 1H, OCHj), 4.72 (d, 1H, 
OCHi), 4.S8 (d, 1H, J - 12.2 Hz, OCH 2 ), 4.51 (d, 1H, J - 10.9 Hz, OCHj), 4.48 (d, 1H, J - 12.2 
Hz, OCHj). 4.23 (pt, 1H, J 2J » Jw= 9.4 Hz, H-3 D ), 4.18-4.10 (m, 2H, H-5 C , 5e). 4.06-3.95 (ra, 
3H, H-3c, 3b, 6ao), 3.80 (pt, 1H. J Sj «b= J<*ft- 10-4 Hz, H-6bn), 3.66 (m, 2H, H-6ae, 6b E ), 3.62 
(dd, 1H, J w = 9.8, J w = 4.1 Hz, H-2 B ), 3.59 (pt, 1H, J«u= Hz, H-4e), 3.55 (pt, 1H, Jj.«= 
U, s = 9.2 Hz, H-4o), 3.51 {pt, 1H. 1 3 a - U fi - 9.3 Hz, H-4c), 3.49 (s, 3H, OCH,), 2.22 (s, 3H, 
NHAc), 1.90 (bs, 1H, OH), 1.49 (s, 3H, CMej), 1.43 (s, 3H, CMei), and 1.40 (s, 3H, J Sl6 = 6.2 
Hz, H-6 C ); U C NMR: §171.8, 166.6 (2C, C=0), 138.9-128.1 (Ph), 101.6 (C-1 D ), 99.8 (CMea), 

98.6 (C-Ie*), 98.3 (C-lc*), 85.4 (C-4 C ), 82.0 (C-3 B ), 80.4 (C-2 B ), 78.2 (C-4 E ), 77.1 (C-3 D X 75.9, 
75.5, 74.2, 73.9 (4C, OCH 2 ), 73.6 (C-4 D *), 73.5 (C-2 C *), 71.7 (C-5 E ), 69.0 (C-6 E ), 68.3 (C-3c), 
67.5 (C.5 0 ), 66.9 (C«5c), 62.7 (C-fo), 58.9 (C-2 D ), 57.5 (OMe), 29.S (CM^), 24.0 (NHAc), 

19.7 (CMei), and 18.2 (C-6c); FAB-MS for CmHmNOk (M, 1047,5) m/z 1070.4 [M+Na]*. 

Anal. Calcd for C70H76O16: C, 67.61; H, 6.64-, N, 1.34%. Found: C, 67.46; H, 6.78; N, 

1.24%. 

Methyl (3,4-Di-0-benzyl-2-D-chloroaceryI-o-L-rhamnopywinoo'l)-(l->3)-[(2»3 1 4,6-tetra-0- 
beniyl-a-D-glncopyranosyKl-»4)]-(2-0-beuzoyl-3-0-chloroacetyl-a-L-rhamnopyranosyl)- 
(l-»3>-2-acetaniido-2-deoxy-3,4-0-isopropylldene-P-D-g!ucopyninoside (XX). The 
trisaccharide acceptor XX (615 mg, 0.58 mmol) was dissolved in Et 2 0 (10 mL) and the solution 
was cooled to -60°C TMSOTf (32 pL) and donor XX (497 mg, 0.88 mmol) in Et 2 0 (12 mL) 
were added, and the mixture was stired for 1 h while the bath was slowly coming back to -20°C. 
The mixture was stirred for 4 h at this temperature, then at 0°C overnight. More XX (50 mg, 88 
pmol) was added, and the mixture was stirred at rt for 3 h more at 0°C. EtjN was added, and the 
mixture was concentrated. Column chromatography of the residue (solvent B, 9:1 — ► 1:1) gave 
the ortho ester XX (44 mg, 5%) then the folly protected XX (445 mg, 52%) contaminated with 
me trimethylsilyl side product XX (XX/XX: XX:XX) together with a mixture of XX and XX (65 
mg, 8%), and the starting XX (27 mg. 4%). Compound XX (alpha) had [a]j> +25° (0 1.0); 'H 
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NMR: 5 8.07-7.12 (m. 35H. Ph), 5.96 (d, IH, hm* = 7.9 Hz, NH D ). 5.82 (in, 1H, H-2c), 5.33 (dd, 
1H, J w = 3.2 Hz, H-2b). 5.07 (m, 1H, J U = 3.2 Hz, H-1 B )» S.05 (d, IH. J U = 17 Hz, H-lc), 4.98 
(d, IH, OCHj), 4.97 (bs, IH, H-1 B ), 4.91-4.78 (m, SH, H-lp, OCHj), 4.64 (d, 1H, J ■ 11.6 Hz, 
OCHj), 4.60-4.45 (m, SH, OCHj), 4.36 (d, IH, J - 11.9 Hz, OCHj), 4.26 (pt, 1H, J« - J,.«= 9.5 
Hz, H-3 D ), 4.17 (dd, IH, J W = 3.4 Hz, H-3 B ), 4.16 (d, 1H, J = 15.1 Hz, CHjCl), 4.11 (d, 1H, 
CHiCl), 4.10 (dq, 1H, 9.1, Js. 6 = 6.3 Hz, H-5b), 4.06 (m, IH, H-5b), 4.00 (pt, IH, Jj.« = J w - 
9.4 Hz, H-3 E ), 3.97 (dd, IH, Js.6» s 5 3, J«..«b= 10.8 Hz, 6ao), 3.89 (m, IH, H-6ae), 3.88-3.68 (m, 
4H, H.6bE, 6bo, 4 B , 3 C ), 3.67 (m, IH, H-5 C ). 3.58 (pt. IH, J M - Ji.s = 9.4 Hz, H-4 D ), 3.52 (dd, 
IH, J U = 3.3, J M = 9.8 Hz, H-2b), 3.49 (s, 3H, OCH,). 3.39 (m, IH, H-5 D ), 3.30 (m, 2H, H-2d. 
4 C ), 2.12 (s, 3H.NHAC), 1.52 (s, 3H, CMe 2 ), 1.42 (s, 3H, CMej), 1.33 (d, 3H, Js,« = 6.2 Hz, H- 
6*), and 0.96 (s, 3H, J sfi - 6.2 Hz, H-6*); 13 C NMR: 3171.9 (O=0, NHAc), 167.0 (C=0, 
CHjCl), 166.3 (C=O.Bz), 138.8-128.0 (Ph). 101.4 (C1 D , Jch= 164 Hz), 99.9 (CMej), 99.3 (C- 
lc, ■»« - 168 Hz). 98.3 (C-1e, Jch - 168 Hz). 97.9 (C-1 B , Jch = 171 Hz), 82.1 (C-3e), 81.8 (C- 
2b), 80.4 (bs, C-3a), 80.0 (C-4c), 78.8 (bs, CM B *), 78.3 (C-4 B »), 77.7 (C-3 C *), 76.9 (C-3 D ), 75.9, 
75.5, 75.3, 74.3 (4C, OCHj), 73.4 (C-4„), 73.2 (OCHj), 72.7 (C-2 B ), 72.1 (C-5 E ), 69.1 (C5 C ), 
67.7(C-S D *), 67.6 (C-S 8 *), 62.7 (C-6o). 59.1 (C-2o), 57.5 (OMe), 41.4 (CHjCl), 29.5 (CMfe), 
24.0 (NHAc), 19.7 (CMej), 18.8 (C-6^), and 18.2 (C-6^; FAB-MS for CuH 9 jNC10ji (M, 
1449.5) m/z 1472.7 IM+Na]+. 

AnaL Calcd for CgiHjjNClOj,: C. 67.05; H. 6.39; N, 0.97%. Found: C, 66.21; H, 6.46; 

1.0154. 

Compound XX (orthoester) had fajo +25° (e h0); ! HNMR: 8 8.07-7.15 (m, 35H, Ph). 5.47 
(d, IH, imx - 7.4 Hz, NHo). 5.45 (bs, IH, H-2c), 5.42 (d, IH, I U = 2.3 Hz, H-1 B ), 5.24 (d, IH, 
J U = 3.4 Hz, H-1bX 4.94 (d, IH, J u = 8.2 Hz, H-1 D ), 4.91-4.82 (m, 7H, H-lc. OCHz), 4.80 (d, 
IH, J = 11 Hz, OCH2), 4.75 (d, IH, J = 11.6 Hz, OCHj), 4.68 (dd, IH, J u = 2.4, Jj,j - 4.0 Hz, 
H-2 B ), 4.65-4.47 (m, 4H, OCHj), 4.44-4.32 (m, 4H, H-5& 3d, 3 c , OCHj), 4.15 (m, IH, H-5e), 
4.05 (pt, IH, J w - J,,4 - 9.5 Hz, H-3 B ), 4.03 (pt, IH, J,. 4 - ht = 9.4 Hz, H-4c). 3.94 (dd, IH, 
Js* - 5.3, J6^b= 10.7 Hz, H-6ao). 3.83-3.75 (m, 4H, H-6a B , 6bo, CHjCl), 3.74-3.70 (m, 3H, 
H-4 E , 6b, 3 B ), 3.65 (dd, 1H, J u = 3.4, J w » 9.4 Hz, H-2 E ), 3.48 (pt, 2H, H-4b, 4 d ), 3.46 (s, 3H, 
OCHj), 3.38 (m, IH, H-5 D ), 3.22 (dq, IH, X,,s =» 9.5, J s ^- 6.2 Hz, H-5b), 2.88 (m, IH, H-2 D ). 
1.90 (s, 3H, NHAc), 1.42 (s, 3H, CMca), 136 (s, 6H, CMe2, H-6 C ), and 1.30 (s, 3^ Js.e- 6.3 
Hz, H-6 fl ); "CNMR: 8171.8 (C-O, NHAc), 166.4 (OO, Bz), 139.1-122.5 (Ph), 101.0 (C-1 D , 
Jo, - 165 Hz), 99.7 (CMei), 98.3 (C-lc, Jch - 172 Hz), 97.8 (bs, C-1 B , Jch - 170 Hz), 97.5 (C- 
1 B , Jch = 176 Hz), 82.2 (C-3b), 80.7 (C-2 B ), 79.3 (bs, C-4 B ), 78.8 (C-3 B ), 78.1 (bs, C-4 B ), 77.3 
(C-2 B ), 76.2 (bs, C-3c). 75.8, 75.6, 74.9, 74.6. 73.9 (6C, C-4c, OCHj), 73.S (2C, C-4d^c), 71.4 
(OCHj). 71.0 (C-3 D ). 70.7 (2C, C-5 B , S B ), 69.0 (C-5 C ), 68.8 (C-6g), 67.2 (C-5 0 ), 62.5 (C-6 0 ), 
60.0 (C-2 D ), 57.6 (OMe). 46.9 (CH 2 C1), 29.5 (CMej), 23.9 (NHAc), 19.7 (CMez), 19.0 (C-6 B ), 
and 18^4 (C-6 C ); FAB-MS for CeiHjiNaOn (M, 1449.5) m/z 1472.7 [M+Na] + . 
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Anal. Calcd fer CuHwNClOn-HaO: C, 6623; H, 6.34; N, 0.96%. Found: C, 66,11; H, 
6.62; N, 0.85%. 

Voir tentative dibtocage orthoester seut ou Men mitangc aforthoester issu du couplage dam 
des proportions connues au deparu(644 lM2par ex) 

Methyl (2-0-Acetyl^4-di-O-betuyl^^ 
bcn^i-a-D-glucopyrenosyt-tt^ 

acetamido-2^BO^-3/l-0-isopropyIideo€>p-D-8i«copyraiioside (XX). The trisaccharide 
acceptor XX (500 mg, 0.47 mmol) was dissolved in DCM (5 mL) and the solution was cooled 
to -40°C, TMSOTf (21 pL) and donor XX (328 mg, 0.62 mmol) were added and the mixture 
was left under stirring while the bath was slowly coming back to it. After 5 h, more XX (50 
mg, 94 Mm°9 was add** and the mixture was stirred at it for 1 h more at it EtjN was added 
and the mixture was concentrated. Column chromatography of the residue (solvent B, 4:1 -* 
1:1) gave the fully protected XX (484 rag, 72%) slightly contaminated with the corresponding 
trimethylsilyl side-product XX, The XX:XX ratio was estimated to be XX:XX from the l H 
NMR spectrum. 
RMNdfaire 

FAB-MS for C«H w NQ2i (M, 141 5) m/z XXXX [M+Na]* Voir si presence sifyl 

Anal. Calcd for CiiHwNOarHaO: C, 68.69; H, 6.57; N, 0.98%. Found: C, 67.64; H, 
6.67; N, 0.88%. 

Methyl (3 t 4-Di-a*bcniyl«a-L-A^ 
glucopyranosyH1^4)J<2-0-beitt<iyl-t^^ 

dcoxy-3,4»a-lsopropylid«ne-p-0-glucopyranoslde (XX). (a) Thiourea (362 mg, 4.76 mmol) 
was added to an ^inseparable mixture of XX and XX (689 mg, 0.48 mmol) in MeOH/pyridine 
(1/1, 16 mL), and the mixture was heated overnight at 65°C. Volatile* were evaporated, and 
the solid residue thus obtained was taken up in the minimum ofMeOH. DCM was added, and 
the suspension was left standing at 0°C for 1 h. The precipitate was filtrated on a pad of 
Cclite, and the filtrate was concentrated. Column chromatography of the residue (solvent B, 
9:1 — 1:1) gave the trisaccharide acceptor XX (107 mg, 22%) as the first ehiting product. 
Further elution gave the tetrasaccharide acceptor (419 mg, 63%) together with a mixture of 
XX and XX (66 mg). 

(b) The monoacetylated XX (52.3 mg, 37 |imol) was dissolved in a mixture of ElOH (10 raL) 
and DCM (100 pL). A freshly prepared 0.4M ethanolic solution of guanidine (92 pL, 37 pmol) 
was added and the mixture was stirred at it overnight. Volatfles were evaporated, and the residue 
taken up in DCM was washed with water. The organic phase was dried and concentrated. 
Column chromatography of the crude product gave XX (42 mg, 83%). Compound XX had 



10 



LMPPll.«p»toeVBt.pcnteOM? 



CA 02434605 2003-07-04 



RMNkfaire 

FAB-MS fbt C, 9 H»iNO J0 (M, 1373) *396.5 [M+Na] + . 

Anal. Calcd for CnlbiNQw 0.S HjO: C, 68.56; H, 6.65; N, 1.01%. Found: C, 68.53; H, 

6.71; N, 1.01%. 

Methyl (2-0-AcetyW,4-di-^-bimzyl-a-L-r^ 
ben^l^-D-gtacopmnosyKl->4)]-(2-a-beiwo y M.O.chIoroawtyl-a.L. 

rhainnoi»yrano8ylM1^3)-2-acetamiao-2.deoxy^^ 

glucopyreaoside (XX). 4A Molecular sieves and TMSOTf (16 uL) were added to a solution 
of the tetrasaccharide acceptor XX (406 mg, 0.29 mmol) in Et»0 (10 mL), and the mixture 
was stirred at -60°C for 30 min. The donor XX (234 mg. 0.44 mmol) in DCM (7 mL) was 
added, and the mixture was stirred for 1 h while the bath temperature was reaching rt. After a 
further 1 hat this temperature, more XX (50 mg, 94 umol) was added, and the mixture was 
stirred for 1 h before EtjN was added. Filtration through a pad of Celite and evaporation of 
the volatttes gave a residue which was column chromatographed twice (solvent B, 4:1; then 
solvent D, 17:3) to give XX (262 mg, 52%); Mo +25- (e L 0); l H NMR: 8 8.07-7.13 (m, 
45H, Ph), 6.03 (bs, IH, NHb), 5.59 (bs, 1H, H-2*), 5.3S (bs, lH, H-2 C ). 5.16 (bs, IH, H-1 E ), 
5.13 (bs, 1H, H-Ia>, 5.06 (bs, 1H, H-la), 5.02-4.97 (rn, 4H, H-1 D , Ic, OCHa), 4.91-4.50 (m, 
12H, OCHa), 4.44-4.32 (m, 4H, H-2 B , 3d, OCHj), 4.20-3.96 (m, 7H, H-S E , 5a, 3 c , 3 B , 63d, 5 C , 
3a), 3.87-3.68 (m, 6H, H-4 & 68* 6ba, 61*. 4 c , 3 B ), 3.64-3.47 (m, 7H, H-5 B , 4 D , 2* 4a, 
OCHj), 3.42 (m, 1H, H-S D ), 3.34 (pt, 1H, J M - !< fi = " Hz, 3.17 (m, IH, H-2 D ), 2.13 
(s, 3H, NHAc), 1.49 (s, 3H, CMea), 1.43 (s, 6H, CMei, H-6c), 1.33 (d, 3H, J ifi - 6.1 Hz, H- 
6a), and 1.01 (s, 3H, J w » 5.8 Hz; H-6b); IS CNMR: o 171.9 (OO, NHAc), 170.3 (OO, Ac). 
166.3 (C=0,Bz), 139.2-127.6 (Ph). 101.5 (bs, C1 B , Jca - "I Hz), 101.2 (C-lo, Jch = 163 
Hz), 99.8 (CMea), 99.7 (C-Ia, Jch * 171 Hz), 97.9 (2C. C-1 E , l c , Jch = 172, 169 Hz), 82.4 (C- 
3 B ), 82.1 (C-2 B ), 80.5 (C-4a), 80.2 (C-3 C ), 80.1 (C-4 B ), 79.4 (C-3 B *), 78.1 (2C, C-4 B *, 3a), 
78.0 (C-4c), 76.6 (C-3 D ), 75.9, 75.8, 7S.4 (3C, OCHa), 74.8 (2C, C-2b, OCHa), 73.5 (C-4 D ), 
73.4 (OCHa), 73.2 (C-2c), 72.1 (OCHa), 71.8 (C-5a), 71.2 (OCHa), 69.4 (C-2a), 69.2 (C-5*), 
68.9 (C-6a), 68.7 (C-5c), 67.8 (C-5 E ). 67.5 (C5n), 62.7 (C-6o), 59.6 (C-2 P ), 57.6 (OMe), 29.5 
(CMea), 24.0 (NHAc), 21.4 (OAc), 19.7 (CMea), 19.1 (C-6a), 18.8 (C-6 C ), and 18.2 (C-6 B ); 
FAB-MS for CtoiHusNOas (M, 1741.7) wAs 1765.9 [M+Na]*. 

AnaL Calcd for CoiHusNOu: C, 69.60; H. 6.65; N, 0.80%. Found: C, 69.56; H, 6.75; N, 

0.73%. 

Methyl arL-rhamnowrano8yKl-+3M(2A4,«^ 

a-L-rhamnopyrano^yl-(l->3)-2-acetamido-2-deoxy-p.D-gluc»pyranos!de (XX). 50% aq 
TFA (1 mL) was added at 0*C to a solution of the folly protected pentasaccharide XX (155 mg, 
89 umol) dissolved in DCM (4 mL). After 1 h at this temperature, volatiles were evaporated. 
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The residue was taken up in 0.5M methanolic sodium methoxlde (8 mL) and the mixture was 
heated overnight at S5°C. Neutralisation with Dowex X8 (H*), evaporation of the volatiles, and 
column chromatography of the residue gave XX (121 mg, 98%). Compound XX (111 mg, 81 
umol) was dissolved in a mixture of efoanol (13 mL) and ethyl acetate (2.6 mL) containing IN 
aq HC1 (130 uL). Palladium on charcoal (130 mg) was added and the suspension was stirred 
under a hydrogen atmosphere for 2 h. Filtration of the catalyst and reverse phase 
chromatography gave the target pentasaccharide (60 mg, 88%) as a slightly yellow foam. KP- 
HPLC purification (solvent XX, XXX) followed by freeze-drying gave pure XX (36 mg). 
RMN 

HRMS (MALDI) Calcd for CajHwNOu +Nat 858.3219. Found: 858.3089. 
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PrepTAtfon of chemicatty ddtaed gfrcopeptides as potential synthetic conjugate 
vaccines against Shigella flexneri serotype 2a disease. 

This paper discloses the synthesis of three folly synthetic glycopeptides incorporating a trl-, 
tetra-, and pentasaccharide haptens representative of fragments of the O-Ag of S flecneri 
serotype 2a covatently linked to the PADRE-sequence, which acts as a universal T cell 
epitopTis reported. The carbohydrate haptens were selected based on a preliminary study of 
the recognition of synthetic oligosaccharides with homologous protective antibodies. They 
were synthesized following a common block strategy, in a form allowing their coupling by 
chemical ligation onto a maleimido-activated PADRE. Evaluation of the immunogemcrty of 
the conjugates in mice is ongoing. 



I 

LMFPU-ihc*brtv«tP 



CSV 02434683 2003-07-04 



Preparation of chemically defined glycopeptldes as potential pathetic conjugate 
vaccines against Shigella flexnerl serotype 2a disease 1 



Abstract 



INTRODUCTION 

Since the discovery of Shigella aysenteriae type 1 (Shiga's bacillus) more than a 
century ago, Shigellosis or bacillary dysentery has long been known as a serious infectious 
disease, occurring in humans only. 3 In a recent survey of the literature published between 
1966 and 1977, 4 the number of episodes of shigellosis occurring annually throughout the 
world was estimated to be 164.7 million, of which 1632 mfllion were in developing 
countries. Up to 1.1 million annual deaths were associated to shigellosis during the same 
period. Of the four species of Shigella*, Shigella Jlexneri is the major responsible of the 
endemic form of the disease, with serotype 2a being the most prevalent. The critical 
importance of the development of a vaccine against Shigellas infections was first outlined in 
1987. s Due to increasing resistance of all groups ofShtgellae to antibiotics, 'it remained a 
high priority as stated by the World Health Organization ten years later. 7 In the meantime, 
several experimental vaccines have gone through field evaluation, wo but there are yet no 
licensed vaccines for shigellosis. 

Shigella's lipopolyaaccharide (LPS) is a major surfece antigen of the bacterium. The 
corresponding O-specific polysaccharide domain (O-SP) is both an essential virulence fector 



1 



CA 02434685 2003-07-04 

LMPPU-&co-brwrtgp 

and the target of the infected host's protective immune response- 1U2 Indeed, using the 
pulmonary murine model for shigellosis, it was recently demonstrated that secretory IgA 
specific for the O-SP of 5. ftexneri serotype 5a were protective against an bomogolous 
infection when present locally prior to the challenge. "Based on the former hypothesis that 
serum IgG anti-LPS antibodies may confer specific protection against shigellosis, "several 
polysaccharide-proteine conjugates, targeting either Shigella sormei, S. (fysenteriae 1 or 5. 
Jlexneri serotype 2a, were evaluated in humans. l0 ' is ln the case of S sonnei t recent field trials 
allowed Bobbins and co-workers to demonstrate the efficacy of a vaccine made of the 
corresponding detoxified LPS covalently linked to recombinant exoprotein A. ^Conversion of 
polysaccharide T-independent antigens to T-depend ones through their covalent attachment to 
a carrier protein had a tremendous impact in the field of bacterial vaccines. Several such 
neoglycoconjugate vaccines are currently in use against Haemophilus influenzae, 11 Neisseria 
meningitidis, **and Streptococcus pneumoniae. l *These polysaccharide-protein conjugate 
vaccines are highly complex structures, whose immnnogenicity depends of several parameters 
amongst which the length and nature of the saccharide component as well as its loading on the 
protein. It is reasonably admitted that control of these parameters is somewhat difficult when 
dealing with polysaccharides purified from bacterial cell cultures, As recent progress in 
carbohydrate synthesis allows access to complex saccharides, it was suggested that the use of 
well-defined synthetic oligosaccharides may allow a better control, and consequently the 
optimisation, of these parameters. Indeed, available data on S dysenteriae type 1 indicate that 
neoglycoconjugates incorporating di-, tri- or tetramers of the O-SP repeating unit were more 
immunogenic than a detoxified LPS-human serum albumin conjugate of reference. 20 Bcsides, 
recent reports demonstrate that short oligosaccharides comprising one repeating unit or less 
may be immunogenic in animal models. lw Another critical parameter in the design of 
neoglycoconjugate vaccines is the carrier protein. As potential applications for these vaccines 
are expanding, the need for new carrier proteins licensed for human use is growing. "That 
synthetic peptides representing immunodominant T-cell epitopes could act as carriers to 
polysaccharide and oligosaccharide conjugates has been suggested, 24 and latter on 
demonstrated. ''^Besides, the use of T-cell epitopes offer several advantages, including 
potential access to well-defined conjugates with no risk of epitopic suppression, as the latter 
phenomenon appeared as a major drawback of protein carriers. ""Polypeptides containing 
multiple T-cell epitopes have been generated in order to address the extensive polymorphism 
ofHLA molecules. 3U2 In other strategies, universal T-helper epitopes compatible with human 
use have been characterized, for example from tetanus toxoid, 33 or engineered such as the pan 
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HLA DR-binding epitope (PADRE), * 4 RecentIy, covalent attachment of the human xniDc 
oligosaccharide, lacto-Mfiicopentose II, to PADRE resulted in a linear glycopeptide of 
comparable immunogenicity to that of a glycoconjugate employing HS A as the carrier. 35 
Based on these converging data, we focused on the development of well-defined 
neoglycopeptides as an alternative to polysaccharide«proteine conjugate vaccines targeting 
infections caused by & Jlexnerl 2a. The target neoglycopeptides were constructed by 
covatently linking a short peptide, serving as a T-helper epitope, to appropriate carbohydrate 
haptens, serving as B epitopes mimicking the S. Jlexnerl 2a O-Ag. Our approach is based on 
rational bases involving a preliminary study of the interaction between the bacterial O-SP and 
homologous protective monoclonal antibodies, which helped to define the carbohydrate 
haptens. 

RESULTS AND DISCUSSION 

A B E C D 

1 

The O-SP of £ Jlexneri 2a is a heteropolysaccharide defined by the pentasaccharide repeating 
unit I. M47 It features a linear tetrasaccharide backbone, which is common to all 5! Jlexneri O- 
antigens and comprises a //-acetyl glucosamine (D) and three rhamnose residues (A, B, C) 
The specificity of the serotype is associated to the a-D-glucopyranose residue linked to 
position 4 of rhamnose C Besides the known methyl glycoside of the EC disaccharide, w9 a 
set of di- to pentasaccharides corresponding to frame-shifted fragments of the repeating unit I, 
4(W3 an octasaccharide* 4 and more recently a decasaccharide* 5 representative of fragments of & 
Jlexneri 2a O-SP have been synthesized in this laboratory. Based on the use of these 
compounds as molecular probes fer mapping at the molecular level the binding characteristics 
of a set of protective monoclonal antibodies against S. Jlexneri 2a infection, 46 fragmenls ECD, 
B(E)CD and AB(E)CD were selected as haptens that will act as B-epitopes in the conjugates. 
Three My synthetic linear neoglycopeptides 1, 2 and 3, corresponding to haptens ECD, 
B(E)CD, and AB(E)CD, respectively, were synthesized according to a strategy built up on 
the concept of chemoselective ligation which allows the selective one-point attachment of the 
free B and T epitopes in aqueous media. All conjugates involve the peptide PADRE as the 
universal T-cell epitope. 
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Scheme 1: 

Retrosynthetic analysis oftte saccharide haptens (Scheme 1): Analysis of S Jlexneri 2a 0- 
SP suggests that, due to the 1,2-cis glycoside linkage involved, construction of the EC 
disaccharide is probably the most demanding. Besides, prior work la this laboratory has 
shown that the C-D glycosidic linkage was an appropriate disconnection site when dealing 
with the blockwise synthesis of oligosaccharide fragments of S. Jlexneri 0-2a SP. 40 ' 42A *These 
observations supported the design of a synthetic strategy common to all three targets. 
Basically, it reUes on (D the condensation of anEC(4), 4l B(E)C (5) 42 or AB(E)C (6) donor to 
a D acceptor (7), functionalized at the anomerio position with an azidoethyl spacer; (ii) 
elongation of the spacer with introduction of a masked thiol group to allow hs coupling onto a 
PADRE peptide derfvatized by a maleimido group on a C-terminal Lysine (8). The 
carbohydrate synthesis relies on the trichloroacetimidate methodology 47 and the use of known 
building blocks whenever possible. 

Scheme 2: 

Synthesis of the aminoethyl BCD building block 18 (Scheme 2): The now easily accessible 
disaccharide donor 4, 42 with a benzoyl participating group at position 2 C . was used as the 
precursor to the EC moiety in the construction of 1. It was prepared, as described, 41 in 5 steps 
and 45% overall yield fi^m 2,3 A6-tetra.O-benzyl-^D-glucopyranosyl trichloroacetimidate 
(9) ^and allyl 2,3-O-isopropylidene-a-D-rhamnopyranoside (10) 50 through the key 
intermediate diol 11 (69% from 10). Introduction of the azidoethyl spacer on a gluoosaroinyl 
intermediate was performed according to a known procedure 51 by coupling of azidoethanol 52 
onto the oxazoline 53 12 to give the triacetate 13. 51 ' 54 We have shown on several occasions in 
the £ fiexneri series, that regioselective protection of the 4- and 6-OH groups of precursors to 
residue D with an isopropylidene acetal was appropriate, especially when such precursors are 
involved in a blockwise synthesis based on the disconnection at the C-D linkage. °* 44 Thus, 
Zempten deacetylation of 13 gave the triol 14 which was converted to the key acceptor 7 
(81% from 13) upon reaction with 2,2-dimethoxypropane under acid catalysis. When the 
latter was glycosylated with the donor 4 in the presence of BP 3 .OEt z in dichloromethane, the 
fully protected trisaccbaride IS was isolated in 58% yield together with the diol 16 (30%), 
resulting from partial toss of the isopropylidene acetal. When 4 and 7 were glycosylated in the 
presence of a catalytic amount of TMSOTt no side-reaction was observed, and the 
condensation product 15 was obtained in 86% yield. Quantitative conversion of IS into 16 
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was more conveniently achieved by acidic hydrolysis of the former with 95% aq TFA. 
Zempien debenzoylation of 16 gave the tetraol 17 (94%) which was subsequently transformed 
into the aminoethyl-aitned trisaccharide IS (69%) by hydrogenation in the presence of 
palladium-on-charcoal (Pd/C) and IN aq HC1 to convert the formed amine to its 
hydrochloride salt Indeed, others have pointed out that hydrogenolysis using Pd/C in the 
presence of a free amine was sluggish and tow-yieldmg. ss *ln order to prevent any Bide- 
teaction at a latter stage of the synthesis, isolation of pure 18 was performed by reversed- 
phase HPLC (RP-HPLC). 

Scheme 3: 

Synthesis of the aminoethyl B(E)CD building block 25 (Scheme 3): The known 
rhamnopyranosyl tricholoracetmudate 20, "acetylated at its 2«, 3-, and 4-OH groups thus 
acting as a chain terminator, was chosen as the precursor to residue C. Benzoylation of diol 
11 to give 19 was performed by regioselective opening of the cyclic orthoester intermediate as 
described. 42 Glycosylation of the latter by donor 20, with activation by a catalytic amount of 
TMSOTf proceeded smoothly in Et z O to yield the folly protected trisaccharide 21 (89%), 
which was de-O-allylated into the hemiacetal 22 (80%) following a two step process 
involving CD iridium(I>catalysed isomerisstion of the allyl glycoside to the prop-l-enyl 
glycoside 59 and (ii) subsequent hydrolysis. sa ^Ine selected trichtoroacetimidate leaving 
group was introduced by treatment of 22 with trichloroacetonitrile in the presence of a 
catalytic amount of DBU, which resulted in the formation of S (99%). Condensation of the 
latter with acceptor 7 was performed in CHjClz in the presence of a catalytic amount of 
trifluoromethanesulfonie acid (TiDH) to give the required tetrasaccharide 23 (76%). Acidic 
hydrolysis of the latter using 95% aq TEA gave the intermediate diol 24 in 95% yield. 
Deacylarion of the resulting diol under Zempien conditions followed by debemylation and 
concomitant conversion of the azide into the corresponding amine to give the key arninoethyl- 
aimed tetrasaccharide 25 (77%) was performed by treatment of 24 with hydrogen in foe 
presence of Pd/C under acidic conditions. Again, compound 25 was purified by RP-HLPC 
before elongation of the spacer or conjugation. 

Scheme 4: 

Synthesis of the aminoethyl AB(E)CD building block 37 (Scheme 4): The synthesis of 37 is 
based on the condensation of acceptor 7 and donor 6, which resulted from the selective 
deallylation and anomeric activation of the key intermediate tetrasaccharide 33. The latter was 
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obtained according to two routes following cither a block strategy (route 1) based on the 
condensation of an AB disaccharide donor (30) and the EC disaccharide acceptor 16, or a 
linear strategy (route 2) involving the stepwise elongation of 16. The construction of the 
donor 30 was based on the use of the known allyl rhamnopyranoside 26, "having permanent 
protecting groups at position 3 and 4, as the precursor to residue B, and the 
trichloroacetimidate chain teiminator 27, ^acting as a precursor to residue A. Condensation of 
the two entities in the presence of a catalytic amount of TMSOTf resulted in the fully 
protected 28 (96%), which was selectively de-O-allylated into 29 (84%) according to the 
protocol described above for the preparation of 22. Subsequent treatment of 29 with 
trichloroacetonitrile and a catalytic amount of DBU gave the required 30 (96%), 
Glycosylation of 16 with the latter under TMSOTf promotion afforded the fully protected 
tetrasaccharide 34 in 55% yield. No (J-anomer was detected. The stereochemical outcome of 
this glycosylate step involving a rhamnosyi donor glycosylated at C*2, thus lacking any 
participating group at this position is not without precedent. Related examples involving 
rhamnopyranosyl donors may be found in the synthesis of oligosaccharides representative of 
the capsular polysaccharide of the p-hemolytic Streptococcus Group A, M or of the O-Ag of 
Senatia marcescens 018 64 as well as in our own work on SJlexneri serotype 2a, ^Route 1 
was considered initially in order to prevent extensive consumption of the EC disacoharide 11. 
Given the relatively tow yield of coupling of 16 and 30, route 2 was considered as well Of all 
precursors to 34, only that to residue B, namely the donor and potential acceptor 31, differed 
from those used in route 1. Conventional glycosylation of disaccharide 16 and 31 and 
subsequent selective deacetylation using methanolic HBP 4 , gave the acceptor 32 in 70% yield 
from 16, 4S The trisaccharide 32 was glycosylated with trichloroacetimidate 27 in an analogous 
feshion to its glycosylation with 30, yielding 34 (92%). Deallylation of this key intermediate, 
as described above for the preparation of 22, gave the corresponding hemiacetal 35 (90%) 
which was converted into the required trichloroacetimidate 6 (88%) upon treatment with 
trichloroacetonitrile and DBU. Condensation of donor 6 with the glucosaminyl acceptor 7 was 
performed under promotion by TfOH or TMSOTfi which resulted in the fully protected 
pentasaccharide 35 in 62% and 80% yield, respectively. Following the process described for 
the preparation of 25, compound 35 was submitted to aceiolysis (97%) and subsequent 
ZempMn deacylation to give the partially deblocked 36 (87%), which was next converted to 
the aminoethyl-spacer pentasaccharide 37 upon treatment with hydrogen in the presence of 
Pd/C. Final RP-HPLC purification resulted in the isolation of 37 in 53% yield. 
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Scheme 5: 

Synthesis of the target neogfycopeptides 1-3 (Scheme 5): In all cases, chemoselective ligation 
of the B and T epitopes was achieved through coupling of the carbohydrate haptens pre- 
functionalized with a thiol function and a maleimido group properly introduced at the C 
tenninus of the T helper peptide. Such a strategy was chosen in order to exploit the high 
reactivity and specificity of thiol groups towards the maleimide fiinotionality, "which allows 
specific and high-yielding modification of the former in the presence of other nucleophiles. 
"it was used previously under various forms in the coupling of carbohydrate haptens to either 
proteins 47 * 8 or peptides. ^"To our knowledge, in all the reported cases the maleimide 
functionality was introduced onto the carbohydrate hapten. On the contrary, our strategy relies 
on the introduction of this activating group on the T helper peptide. The immunogenicity of 
various maleimide-derived coupling reagents was evaluated in a model system. "Based on the 
reported data. <9 4-(W-maleimido)-«-butanoyl was selected as the linker, and incorporated by 
covalent linkage to the side chain amino group of a Lysine residue added at the C-termmus of 
the PADRE sequence (PADRE-Lys). It is worth mentioning that the strategy described herein 
somewhat differs from that described by others when demonstrating the usefulness of PADRE 
in the construction of immunogenic neoglycopeptidcs. 35 

The Lysine-modified PADRE (8) was assembled using standard Fmoc chemistry for solid- 
phase peptide synthesis. "Standard side chain protecting groups were used, except for that of 
the C-terminal Lysine side chain which was protected by the H^^lmethyl-l^- 
dioxDcyctohex-l-ylidene)-3-methylbutyl (ivDde) group. "Indeed, this orthogonal protecting 
group strategy allows specific introduction of the maleimide group on the C-terminal Lysine, 
upon selective cleavage of the WDde by hydrazine. The thiol functionality was introduced 
onto the carbohydrate haptens as a masked thiol function (acetylthioestet), which is easily 
generated in situ during the conjugation process Thus, reaction of 15, 25, and 27 with S- 
acetylthiaglycolic acid pentafluorophenyl ester (SAMA-oPfp) resulted in the site-selective 
elongation of their aminoethyl spacer via a thioacetyl acetamido linker. Derivatizatfon could 
be monitored by RP-HPLC with detection at 215 nm. Under these conditions, the required 
thioacetyl-armed intermediates, 38, 39 and 40 were isolated in 53%, 74%, and 75% yield, 
respectively. Their structure was confirmed based on MS and NMR analysis. Conjugation of 
the carbohydrate haptens to the maleimido activated PADRE-Lys (8) was run in phosphate 
buffer at pH 6.0 in presence of hydroxylamine^and monitored by RP-HPLC. Lastly, RP- 
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HPLC purification gave the target neoglycopeptides 1, 2. and 3 as single products, which 
identity was assessed based on MS analysis, in yields of 58%, 48% and46%, respectively. 



CONCLUSION 

The synthesis of three My synthetic glycopeptides incorporating a tri-, tetra-, and 
pentasaccharide haptens representative of fragments of the O-Ag of S. Jlexneri serotype 2a 
covatently linked to the PADRE-sequence, which acts as a universal T cell epitope is 
reported. The carbohydrate haptens were selected based on a preliminary study of the 
recognition of synthetic oligosaccharides with homologous protective antibodies. They were 
synthesized following a common block strategy, in a form allowing their coupling by 
chemical ligation onto a maleimido-activated PADRE. Evaluation of the immunogenic^ of 
the conjugates in mice is ongoing. 
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General Methods. General experimental methods not referred to in this section were as 
described previously.(REF) TLC on precoated slides of Silica Gel 60 F254 (Merck) was 
performed with solvent mixtures of appropriately adjusted polarity consisting of A % 
dichloromethane-methanol; B 9 cyclohexanc-ethyl acetate, C, cyclohexanfl-dietbyl ether, D % 
toluene-acetone. Detection was effected when applicable, with UV light, and/or by charring 
with orcinol (35 mM) in 4N aq H2SO4. NMR Spectra were measured in CDCh unless stated 
otherwise. In the NMR spectra, of the two magnetically non-equivalent geminal protons at C- 
6, the one resonating at lower field is denoted H-6a and the one at higher field is denoted H-6b, 
Interchangeable assignments in the il C NMR spectra are marked with an asterisk in listing of 
signal assignments. Sugar residues in oligosaccharides are serially lettered according to the 
lettering of the repeating unit of the O-SP and identified by a subscript in listing of signal 
assignments. Low-resolution mass spectra were obtained by either chemical ionisation (CIMS) 
using NH 3 as the ionising gas, by clectrospray mass spectrometry (ESMS), or by fast atom 
bombardment mass spectrometry (FABMS), High-resolution mass spectra were obtained by 
MALDI-MS. 

Solid phase peptide synthesis was performed using standard Fmoc chemistry protocols on a 
Pioneer peptide synthesiser (AppliedBiosystem). Fmoc-Lys(iv-Dde)-OH, Fmoc-Cha-OH, 
Fmoc-D-Ala-OH, Fmoc-eAhx-OH and Boc-D-Ala-OH were purchased from NovaBiochem 
(VWR). All others reagents and amino acids were purchased from Applied Bicsystexn. 

2-Azidoethyl 2«acetamido*2-deoxy-4,ti-0-isopropylidene-p*D-glacopyranoside (7), 
Camphorsulfbnic acid (200 zng, 0.9 mmol) was added to a solution of triol 14 (1.31 g, 4.52 
mmol) in a mixture of DMP (4 mL) and 2,2-dimethoxypropane (4 mL). After 3 h at rt, low 
boiling point solvents were evaporated under reduced pressure and more 2,2- 
dimethoxypropane (2 mL, 15.8 mmol) was added. The mixture was stirred for 2h at rt, EtjN 
was added, and the mixture was concentrated. The crude product was purified by column 
chromatography (solvent A, 19:1) to give 7 as a white solid (1.21 g, 81%), [a] D -89.8; l H 
NMR: 8 6.15 (d, 1H, J= 5.9 Hz, NH), 4.70 (d, 1H, J w - 8.3 Hz, H-l), 4.05 (m, 1H, OCH2), 
3.97-3.89 (m, 2H, H-6a, 3), 3.79 (pt, 1H, J Sfib - 10.5 Hz, H-6b), 3.70 (m, IH, OCH*), 

3.62-3.46 (m, 3H, H-2, 4, OCH 2 ), 3.35-3.26 (m, 2H, H-5, CH2N3), 2.05 (s, 3H, Ac), 1.52 (s, 
3H, C(ah)i), 1.44 (s. 3H, C(CHzh); "C NMR: 6 100.9 (C-l), 74.3 (C-4), 81,8 (C-3), 68.6 
(OC%), 673 (C-5), 62.0 (C-6) > 58.7 (C-2), 50.7 (CH2N5), 29-0 (C(CH3)a), 23.6 (CH*CO), 
19.1 (C(CH 3 ) 2 ). CIMS for CuHatoO* (330) mfz 331 [M+H]\ AnaL Calcd. for 
C6 7 H74N4O ir 0.5H2O: C, 46.01; H, 6.83; N, 16.51. Found C t 46.37; H, 6.69; N, 16.46. 

2-Azido ethyl (2^,4,6^Tetra-D-ben7yl-a-D-glucopyranosyI)-(1^4)-(2 3 3-di-0-benzoyl-a-L- 
rhamnopyranosyl)-(t->3)-2-acetamido-2-deoxy-4,6-0-isopropylidcne-p-D- 
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glucopyranoside (15). (a) The disaccharide donor 4 (1.425 g, 1.37 mmol) find the acceptor 7 
(377 mg, 1.14 mmol) with 4A-MS (2 g) were placed under argon and CH 2 Cfe (15 mL) was 
added. The mixture was stirred for 1 h at it, then cooled to -40°C. A solution of BF 3 .OEt 2 (O.S 
mL, 4.1 1 mmol) in CffeCh (5 mL) was added dropwise. The mixture was stirred at -40°C to 
-IS°C over 3 h. Triethylamine (2.5 mL) was added and the mixture stltred for 20 min. The 
mixture was filtered through a pad of Celite, and the filtrate was concentrated. The mixture 
was purified by column chromatography (solvent A, 2:3) to give 15 (803 mg, 58%) as a 
colourless foam. Further elution (solvent B, 9:1) gave 16 (395 mg, 30%) as a colourless foam, 
(b) 4 A Molecular sieves (560 mg) were added to a solution of donor 4 (565 mg, 0.54 mmol) 
and acceptor 7 (150 mg, 0.45 mmol) in DCM (3 mL) and the suspension was stirred for 15 
min -40°C. Triflic acid (16 (iL) was added and the mixture was stirred for 3h at it once the 
cooling bath had reached rt. Et 3 N was added and after 15 nun, the mixture was filtered 
through a pad of Celite. Volatiles were evaporated and the residue was column 
chromatographed (solvent B, 9:1) to give 15 (475 mg, 87%). [a] D +87.7 (c 0.32); *H NMR: 8 
6,99-8.07 (m, 30H, Ph), 6.21 (d, 1H, NH), 5.58 (dd, 1H, HM C ), S.44 (m, 1H, H-2c), S.13 (d, 
IH, 53 8.3 H?, H-1 D ), 5.02 (d, 1H, Ju = 3.4 Hz, H-Ie), 4.97 (d, 1H, J u = 1.5 Hz, H-l c ), 
4.64-4.90 (m, 5H, OfcPh), 4.45 (t, IH, H-3 D ), 4.27 (m, 3H, H-5 C , CHaPh), 3.79-4.05 (m, 7H, 
H-3 S , 4c, 5d, 6a D , 6bo, CH a O, CH 2 Ph), 3.60-3 .76 (m, 4H, H-4 Dl 4 E , 5 E , CH 2 0), 3.37-3.51 (m, 
3H, H-2a, 5d, CHjNj), 3.16-3.34 (m. 3H, H-2 Df 6a B , CHiN 3 ), 3.04 (d, IH, H-0%), 2.01 (s, 3H, 
CHjOO), 1,43 (s, 6H, (CH&C), 1.36 (d, 3H, H-6 C ); l3 C NMR: 6 171.7, 165.6, 163.4 (0=0), 
127.3-138.6 (Ph), 99.6 (C-ln), 99.1 (&1 E ), 97.7 (CMc), 91.9 ((CH 3 ) 2 C), 81.4 (C-3 E ), 80.3 (C- 
2s), 79.4 (C-4c), 77.1 (C-4 D ), 76.0 (C-3 D ), 75.3, 74.6, 73.9, 73.2 (4C 3 CH2Ph), 73.1 (C-4h), 
71.2 (2C, C-2 C , 3c3, 71 J (C-5 E ), 68.6 (OfeO), 67.5 (C-5 C ), 67.4 (C-6e), 67.1 (C5 D ), 62.1 
(O6o), 59.0 (C~2 D ), 50.5 (CH 2 N 3 ), 28.9 ((CTfc) 2 C), 23.4 (CH 3 CO), 19.2 ((CH&C), 18.1 (C- 
6c), FAB-MS for C^ffe^On (1206) mfz 1229 [M+Naf . 

Anal. Calcd. for GoHmNiOii: C, 60.41; H, 5.66; N, 4.82. Found: C, 60,36; H, 5.69; N, 4.78. 

2-Aridoethyl (2,3^,6-Tetra-a-ben2yl-a-D-glucopyranQsyl)-(1^4H2 
rbaranopyranosyl)-(l->3)-2-acetamido-2-deoxy-p-D-glucopyranoflide (16). Compound 15 
(95 mg, 79 umol) was dissolved in 80% aq AcOH (2.5 mL), and the mixture was heated at 
60°C for 1 h. After cooling to rt and repeated co-evaporation with toluene, the crude residue 
was column chromatographed (solvent B, 1:4 -> 0:1) to give 16 (80 mg, 87%) as a white 
foam. [a] D +91,5 (c 0.18); l H NMR: S 6.99-8.02 (m, 30H, Ph), 6.10 (d, 1H, NH), 5.60 (dd, 
IH, H-3 C ), 5.52 (m, IH, H-2 C ), 5.20 (d, IH, J u * 8.3 Hz, H-l D ), 5.00 (d, 1H, J u - 1.9 Hz, H- 
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lc), 4.95 (d, 1H, J u - 3.4 Hz, H-1e), 4.63-4.89 (m, 5H, 5 CHjPh), 4.47 (pt, 1H, H-3 D ), 4.25 
(d, 1H, CHjPh), 4.19 (m, 2H, H-5 C , CHjPh), 4.06 (m, 1H, CH 2 0), 3.87 (m, 5H, H-3 E , 4 C , 6a D , 
6bo, CHaPh), 3.58-3.74 (m, 4H, H-4 E , 5 D , 5e, CH 2 0), 3.50 (m, 3H, H-2 B , 4*, CHjNj), 3.29 
(m, 2H, H-6a E , CHzNj), 3.04 (d, 2H, H-2 fc 61*), 2.02 (s. 3H, CHjCO), 1.51 (d, 3H, H-6c); 
U C NMR: 8 171.5, 165.6, 165.2 (3C, C=0), 127.3-138.6 (Ph), 99.6 (C-l c ), 99.5 (C-1 B ), 99.0 
(C-1 D ), 83.4 (C-3 D ), 81.6 (C-3 E ) S 80.1 (C-2 B ), 79.2 (C-4c), 77.2 (C-4 E ), 75.5 (CHjPh), 75.1 
(C-4 D ), 74.7, 74.0, 73.2 (3C, CH 2 Ph), 71.3 (C-5o*), 70.9 (G-5 E *). 70.8 (C-3c), 70.4 (C-2c), 
69.0 (C-5 C ), 68.8 (CHjO), 67.5 (C-6 E ), 62.6 (C6 D ), 57.9 (C-2 D ), 50.5 (CHjNs), 23.4 
(CHjCO), 18.2 (C-6 C ). FAB-MS for Q4H70N4O17 (1166) mfz 1185 [M+NaJ 1 ". 
AnaL Calcd. for C M H 7 oN40,rH 2 0: C, 64.85; H, 6.12; N, 4.73. Found: C, 64.71; H, 6.01; N, 
4.83. 

2-Azidocthyl (2,3,4,6-Tetra-0-benzyl-a-D-gIucopyranosyl)-(l->4)-o>L- 
rhamnopyranosyl-(l-»3)-2-acetamido-2-deoxy-p-D-glucopyranosidc (17). An ice cold 
solution of 95% aq TFA (1.5 mL) in CHiClj (1 3.5 niL) was added to the trisaccharide IS (730 
mg, 0.60 mmol). The mixture was kept at 0°C for 15 rain, then diluted -with toluene and 
concentrated. Toluene was co-evaporated from the residue. The residue was dissolved in 
MeOH (20 mL), and a 1M solution of sodium methoxide in MeOH (1.5 mL) was added. The 
mixture was left to stand at rt for 3 h. The mixture was neutralised with Amberlite IR-120 
(H 4 ) resin and filtered. The filtrate was concentrated. The mixture was purified by column 
chromatography (solvent A, 9:1) to give 17 (548 mg, 94%) as a colourless foam. [oc]d +9.7 (c 
0.48, MeOH); *HNMR: 8 7.13-731 (m, 8H, Ph), 5.99 (d, 1H, NH), 4.79-4.97 (m, 7H, H-l c , 
Id, 1e, CHjPh), 4.35-4.74 (m, 4H, CHjPh), 3.91-4.10 (m, 7H, H-2 C , 3 D , 3 & S c , 5 E , 6ao, 
CH 2 0), 3.80 (m, 2H, H-3 E) 6bD), 3.73 (m, 1H, CHaO), 3.40-3.63 (m, 8H, H-2 E , 4 C , 4 D , 4s, 3 D , 
6aE, 6b Bl CH3N3), 3.27 (m, 2H, H-2d, CHiNj), 1.99 (s, 3H, CH 3 CO), 1.41 (d, 3H, H-6c); "C 
NMR: 5 170.7 (CO), 127.6*138.4 (Ph), 101.2 (C-l c ), 99.7 (C-lfi), 99.0 (C-1 D ), 84.7 (C-4 C ), 
843 (C-3 D ), 81.5 (C-3 E ), 79.6 (C-2 E ), 77.6 (C-4 D *), 75i6 (CHjPh), 75J (C-4 E *), 74.9, 73.5, 
73.4 (3C, CH2Ph), 71.2 (0-50, 70.8 (C-5c), 70.8 (C-5 D ), 69.4 (C-3 C ), 68.6 (C.6e), 68.4 
(CHiO), 67.6 (C-2c), 62.6 (C-6 D ), 56.4 (C-2 D ), 50.5 (CHjNi), 23.5 (CHjCO), 17.6 (C-6 C ). 
FAB-MS for CsoHaNaOis (958) mh 981 [M+Naf. 

AnaL Calcd. for CsoHaNAs.^O : C, 61.46; H, 6.60; N, 5.73. Found: C, 61.41; H, 6.61; N, 
5.97. 
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2-Arainoethyl a-D-GIucopyranoayi-(1^4)Ki-L-rhamn^ 

deoxy-0-D-glucopyranosido (18). The trisaccharide 17 (368 mg, 0.38 mmol) was dissolved 
in a mixture of EtOH (10 mL) and EtOAc (1 mL), A IN solution of aqueous HC1 (0.77 mL) 
was added. The mixture was stirred under hydrogen in the presence of 10% Pd/C (400 mg) for 
24 h. The mixture was diluted with water and filtered. The filtrate was concentrated, then 
lyophilised. The residue was dissolved in a solution of NaHCO* (75 mg) in water (1 rriL) and 
purified by passing first through a column of Cn silica (eluting with water), then through a 
column of Sephadex G i0 (eluting with water) to give, after lyophilisation, IS (1S1 mg, 69%). 
HPLC (230 nm): Rt 4.09 nun (Kromasil 5 CI 8 100 A 4.6x250 mm analytical column, 
using a 0-20% linear gradient over 20 rain of CH3CN in 0,01M aq TFA at 1 mL/min flow 
rate). l H NMR (DjO): 8 5.03 (d, 1H, J u - 3.8 Hz, H-l E ), 4.84 (bs, 1H, H-lc), 4.58 (d, IH, J w 
= 8.5 Hz, H-1 D ), 4.10 (m, IH, H-S c ), 3.98 (m, 3H, H-5e, 61*, CHiO), 3.79 (m, 6H, H-2 C , 2 Da 
3d, 6a E , 6b& CH 2 OX 3.68 (pt, 1H, H-3 E ), 3.42-3.60 (m, 6H f H-2 E , 3 Dl 4c 4 D , 4 E , So), 3.03 (m, 
2H, CH2NH2), 2.06 (s, 3H, CHjCO), 1.31 (d, 3H, H-6 C ); ,3 C 5 175.2 (0=0), 101.9 <C-1 C )> 
101.0 (C-1 D ), 100,3 (C-1 E ), 82.4 (C-3 D )> 81.6 (C*4 C ), 76.5 (C-2e)> 73.3 (C-3 E ), 72.4 (C-5 E ), 

72.1 (C-4 D ), 71.6 (C-2 C ), 69.9 (C-4 E ), 69.5 (C-3c), 69.0 (C-5 D ), 68.7 (C-5c), 68.7 (OfcO), 

61.2 (C6d), 60.7 (C-6e)> 55,8 (C-2 D ), 40.3 (CHdSFIfc), 22.7 (CHjCO), 17.3 (C*6c). 
Electro9pray-MSforCi2H4oN20i 5 (572)m/z573 [M+H] + . Manque 6a net 3c; 2x3 D 
HRMS (MALDI) Calcd for C*iH 4 oN,Ois+Na; 595.2326. Found; XXXXX. 

Ally! (2,3,4-trI-0-ftcetyI-a-L-rhamnopyrano^^ 

gIucopyrano»yl)-(l->4)J-2-a-bcn74)yl-a*L-rhamnopyranoside (21). TMSOTf (100 \iL) was 
added to a solution of donor 20 (2.5 g, 5.78 mmol) and acceptor 19 (4.0 g 9 4.80 mmol) in Et 2 0 
(40 mL) at -50°C. The mixture was stirred for 2.5 h, at which time the cooling bath had 
reached rt. Et 3 N was added and after 15 min, volatiles were evaporated. Column 
chromatography (solvent C, 4:1) of the crude product gave the fiilly protected 21 (4.74 g, 
89%) as a white solid. l H NMR: 8 8.00-6.90 (m, 25H, Ph), 5.92 (m, IH, CH=), 5.53 (dd, IH, 
H-2 B ), S.40-5.20 (in, 4H, H-1 E> 2 C , CH 2 =), 5.18 (dd, IH, J 2a ~ 32, h A - /0JT Hz. H-3 B X 5.10 
(d, IH, H-1 B ), 5.00-4.40 (m, 10H, H«4b, lc, OCH 2 ), 4.30-4.00 (m, SH, H-3 El 3 C , 5 E , OCH 2 ), 
4.00-3.50 (m, 7H, H-2& 4 B » 6a E , 6bs, 5a, 5 C , 4 C ), L90 (s, 3H, Ac), L60 (s, 3H, Ac), 1.22 (s, 
3H, Ac), 1.20 (d, 3H, Js* ~ X.X Hz, H-6 C ), 0.80 (d, 3H, J** - X.X Hz, H-6 B ); U C NMR; 5 
166.1 (4C, OO), 133,4-127.3 (Ph), 117.5 (=CH2), 9.8 (C-1 B ), 96.9 (CM E ) t 95.7 
(C-l c ), 81.4 (C-3 E ), 80.7 (C-2 H ), 7.3 (C-3 C ), 77.7 (C-4b), 77,5 (&4c), 7S.6-72.6 (4C, 
OCHjPh), 72.7 (C.2c) 4 7.9 (2C, C-5 E , 4 B ), 6.0 (C-2 B ), 68.7 (C-6 E ), 68.6 (C-3 B ), 68.2 (OCH a ), 
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67.2 (C-5 C ), 66.8 (C-5 B ), 20.7-20.2 (3C, C(0)CH 3 ), 18.5 (C-6 C ), 16.8 (C-6 B ). CI-MS for 
C 6 ?H7oOi8 (1102) m/z 1125 [M+Naf. 

Anal. Calcd. for Q 2 H7oO«: c, 67.50; H, 6.40. Found: C, 67.51; H, 6.52. 
(2,3,4-Tri-O-acetyl-a-L-rto 

glucopy ranosyO-(l-»4)l-2-.0-bcn2oyl-a-L-rhamnopyraii ose (22). 1 ,5 -Cyclooct adiene- 
bis(methyldiphenylphosphine)iridium hcxafluorophosphate (33 mg) was dissolved in THF 
(10 mL) and the resulting red solution was degassed in an argon stream. Hydrogen was then 
bubbled through the solution, until the colour had changed to yellow. The solution was then 
degassed again in an argon stream, A solution of 21 (4.59 g, 4.16 mxnnl) in THF (30 mL) was 
degassed and added. The mixture was stirred at it overnight, then concentrated. The residue 
was taken up in a mixture of aoetone (10:1, 44 mL). Mercuric bromide (1.78 g, 8.32 mmol) 
and mercuric oxide (1.69 g, 6.24 mmol) were added to the mixture, which was protected from 
light. The suspension was stirred at rt for 1 h, then concentrated. The residue was taken up in 
CH2CI2 and washed three times with sat aqKI, then with brine. The organic phase was dried 
and concentrated. The residue was purified by column chromatography (solvent B s 3:1) to 
give 22 (3.52 g, 80%) as a colourless foam; [a] D +17.7; [ H NMR.: 8 7.15 (m, 25H, Ph), S.50 
(dd, III, H-2 B ), 5.30-5.27 (m, 2H, H-l c , H-2 C ), 5,23 (d, 1H, = 3.3 Hz, H-1 B ), 5.18 (dd, 1H, 
Jij - 3,2, h A - 10.0 Hz, H-3 B ), 5.10 (d, 1H, J u * 1.2 Hz, H-1 B ), 5.00-4.35 (m, 9H, H-4 B , 
OCH2), 4.28 (dd, 1H, * 3.2, h* - 8.6 Hz, H-3 C ). 4.20-4.00 (m, 3H, H-3 E , 5 E , 5 C ), 3.80- 
3.50 (m, 6H> H-2 E , 6a* 6bs, 5 B , 4* 4 C ), 3.05 (d, 1H, Joh,i * 4.0 Hz, OH), 2.09, 1J1, 1.44 (3s, 
9H, CftOO), 1.37 (d. 3H, J5.6 - 6.2 Hz, H-6 C ), 0.95 (d, 3H, J$ fi « 62 Hz, H-6 B ); U C NMR; 
5 169,9-169.6, 166.2 (4C, 0=0), 138,9-127.5 (Ph), 99,8 (C-1 B ), 97.3 (C-1 E ), 91.3 (C-l c ), 81.7 
(C-3e), 80.7 (C-2 E ), 78.8 (C-3 C ). 78.1-78.0 (2Q C-4 E , 4c), 76.6, 75.5 (2C, CHaPh), 74.9 (2C, 
C-2 El CH 2 Ph), 73.8 (CHzFh), 73.3 (2C, C-4 B , 5 B ). 72.9 (C-2 B ). 71.2 (2C, C-3 B , 6e), 67.5 (C- 
5c), 67.1 (C-5 B ), 21.0-20.6 (3C, CrfcC^O), 18.9 (C-6c). 17,i (C-6 B ). FAB-MS for C^HwOis 
(1062) m/z 1085 [M+Naf. 

Anal Calcd. for Cs^Ou-H^O; C, 65,54; H, 6.34. Found: C, 65,68; H, 6.41. 

(2^,4-Tri-O-acetyl-a-Ii-rhamnopyranosy0-(1^3)-[(2^,4,6-tetra-O-benzy!-a-D- 
glucopy ranosy Q-(l— *4)] -2-0-b enzoyl-a-L-r hamnopy ranos e trichloroacetfmidate (5). 
DBU (100 jiL) was added at 0°C to a solution of the hemiacetal 22 (3.8 g, 3.58 mmol) in 
DCM (40 mL) containing trichloroacetoniirile (4 mL). The mixture was stirred for 30 min at 
0°C, and volatiles were evaporated. Plash chromatography (solvent B, 7:3 + 0.2% EtjN) of 
the crude material gave the donor 5 (3.9 g, 90%) as a white solid; [a]o +2.8 (c 7); 
NMR??? 

Anal. Calcd. for CeiH^CljNOis: C, 60.67; H, 5.51; N, 1.16. Found: C, 60.53; H, 5.48; N f 
1.38. 



5 



LMPPUexp-brevet-gp 



GA. 02434685 2003-07-04 



2-Azidoethyl (2,3,4-Tn-0-acetyl-a-L-rhamnopyra^ 

a-D-glucopyrano3yI)<1^4)J-(2-a-ben2oyI.a-I^rhamnopyranosyI)-(1^3)-2-Bc^ 
dcoxy-4,6-C>-isopropyHdene-p-D-gIucopyranosidc (23). The trisaccharide donor S (1.86 g, 
1.54 ramol) and the acceptor 7 (712 mg, 2.16 mmol) were dissolved in 1^2-dichIoroethane (IS 
mL) and 4A-MS (2 g) were added. The mixture was stirred at rt for 1 k The mixture was 
cooled to 0°C and triflic acid (34 \xL, 0.385 ramol) was added. The mixture was stirred at 0°C 
for 30 min, then at it for 30 min. The mixture was then heated at 65°C for 1 h. The mixture 
was allowed to cool, Et 3 N (0,5 mL) was added, and the mixture was stirred at zt for 20 min. 
The mixture was diluted with CHaCfe and filtered through a pad of Celite. The filtrate was 
concentrated and purified by column chromatography (solvent B, 1:1) to give 23 (1,61 g, 
76%). l H NMR: 8 7.90-6.90 (m, 25H, Ph), 5.92 (d, 1H, J - 75 Hz, NH), 5.53 (dd, 1H, J u = 
1.8 Hz, H-2 B ), 5.29 (d, 1H, H-1 B ), 5.19 (in, 2H, H-2 C , 3 H ), 5.09 (m, 2H, H-l c , Id), 4.97 (bs, 
1H, H-1b), 4.96-4.70 (m, 9H, CH 2 Ph, H-4 B ), 4.54-4.41 (m, H, GH a Ph), 4.34 (pt, 1H, * hs 
- 9.3 Hz, H-3 D ), 4,19-3.89 (m, 6H, H-3 C , 5 C , 5& 3 E , 6a D , OCH 2 ), 3.79-3.60 (m, SH, H-6bo, 
4 C , 5 B , 2*, OOHfe), 3.56-3.33 (m, 4H, H-5 D> 4 e , 4* CH 2 N 3 ), 3.27-3.12 (m, 2H, CH 2 N 3 , H-2 D ), 
2.10, 2.09 (2s, 6H, CfCHafc), 1.78 (s, 3H, OAc), 1.73 (s, 3H, NHAc), 1.42, 1.35 (2s, 6H, 
OAc), 1.30 (d, 3H, h fi - 6.2 Hz, H-6 C ), 0.90 (d, 3H, h* - 6.2 Hz, H-6b); "CNMR: 5 171.4, 
169.7, 169.6, 169.5, 166.0 (SC, C=0), 138,7-127.2 (Ph), 99.8, 99.7 (C-Id, 1c), 97.1 (C-1 B ), 
96.4 (C-Ie), 81-5 (C-3 E ), 81,1 (C-2 B ), 79.5 (bs, C-3 C ), 77.9 (C-4 D ), 77.0 (bs, C-4 C ), 75.4 (C- 
3d), 75.3, 74.7, 73.6 (3C, CHjPh), 73.0, 72.9 (2C, C-2 C , 4 E ), 72.9 (CHJh), 71.2 (C-5b), 71.1 
(C-4 B ), 69.9 (C-2 B ), 69.2 (C-6e). 68.8 (C3 B ), 68.7 (OCH 2 ), 67.2, 67.1 (3C, C-5 C , 5 B , 5 D ), 62.2 
(C-6 D ), 59.0 (C-2n), 50.6 (CH2N3), 29.0, 23.4 (2C, C(CHj) 2 ), 20.9, 20.4 (3C, OAc), 19.0 
(NHAc), 18.4 (C-6c), 17.0 (C-6 B ). FAB-MS for C7iH M N 4 0« (1374) m/t 1397 [M+Naf, 
Anal. Calcd, for CnHt&UOzy: C, 62.87; H, 6.30; N, 4.07. Found: C, ?T; H, ??; N, ??. 

2-Azidocthyl (2 5 3,4-Tri-e^acetyl-a-L-rhamnopynmosy^ 
a-D-glucopyranosylH1^4)H2«0-ben^^ 

dcoxy-p*D-ghicopyranoside (24). 50% aq TFA (1.3 mL) was added to a solution of the folly 
protected tetrasaccharide 23 (210 mg, 1 1 1 iimol) in DCM (6 mL). The mixture was stirred at 
0°C for 1 h, Volatiles were evaporated and toluene was co-evaporated from the residue. 
Column chromatography (solvent B, 7:3 1:1) of the crude product gave 24 (195 mg, 95%). 
[a] D -6.9(cO.S,MeOH); 
NMR? 

FAB-MS for CfioH^O* (1334) m/z 1357.5. 

Anal. Calcd. for C^U^^rWx C, 60.43; H, 6.32; N, 4.09. Found: C, 60.56; 6.22, 3.92. 
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2-Aminocthyl a-l^Rhamnopymno«yl-(1^3)-[a-D*glucopyrailogyMl-->4)]-a-L- 
rhamnopyranosyI-(l-^3>2-acetamido-2-deoxy-p-r)-glucopyranaaide (25). An ice cold 
solution of 95% aqueous trifluoroacetic aoid (2.4 mL) in CH2CI2 (21.6 xnL) was added to the 
tetrasaccharide 23 (1.93 g, 1.40 mmol). The mixture was kept at 0°C for 5 min., then diluted 
with toluene and concentrated. Toluene was co-evaporated from the residue. The residue was 
dissolved in MeOH (65 mL), and a 1M solution of sodium methoxide in MeOH (3 mL) was 
added. The mixture was left to stand at rt for 18 h, then neutralised with Amberlite IR-120 
(H*) resin, and filtered. The filtrate was concentrated, and the residue was purified by column 
chromatography (solvent B, 9:1) to give 24 (1.38 g, 89%) as a colourless foam. The 
tetrasaccharide 24 (1.38 g, 1.25 mmol) was dissolved in a mixture of EtOH (35 mL) and 
EtOAc (3.5 mL). A IN solution of aq HC1 (2.5 mL) was added. The mixture was stinred under 
hydrogen in the presence of 10% Pd/C (1.5 g) &r 72 h, then diluted with water and filtered. 
The filtrate was concentrated, then lyophilised. The residue was dissolved in a solution of 5% 
aqueous NaHCOj and purified by passing first through a column of Cu silica (eluting with 
water), then through a column of Sephadex G10 (eluting with water) to give, after 
lyophilisation, 25 (693 mg, 77%). HPLC (230 nxn): Rt 4.78 nun (Kromasil 5 \xm C18 100 A 
4.6x250 mm analytical column, using a 0-20% linear gradient over 20 min of CH3CN in 
0,01M aq TFA at 1 mL/min flow rate). l H NMR (D2O): 5 5.10 (d, 1H, J x% i - 3.7 Ifa, H-1 E ), 
4.89 (d, 1H, = 1.1 Hz, H-1 B )» 4.73 (d, 1H, J u = 1.0 Hz, H-l c ), 4.50 (d, 1H, J l<2 => 8.6 Hz, 
H-i D ), 4.08 (m, 1H, H-5 C ), 3.96 (m, 1H, H-2 B ), 3.91 (m, 2H, H-6aD, CH 2 0). 3.68-3.88 (m, 
12H, H-2 C , 2 D , 3b, 3 c , 4 b , 4 C , 5 B , 5* 6bo, 6a E , 61*, CH2O), 3.59 (pt, 1H, H-3g), 3.52 (pt, 1H, 
H-3 D ), 3.33-3.48 (m, 4H, H-2 E , 4 D > 4 £l 5 D ), 3.01 (m, 2H, CH2NH2), 1.99 (s, 3H, CftOO), 
1.28 (d, 3H, H-6 C ), 1.18 (d, 3H, H-6 B ); l3 C 5 174.8 (OO), 103.2 (C-1 B ), 101.4 (C-l c ). 100.9 
(CM D ). 98,6 (C-1 E ), 8L9 (C-3 D ), 79.0 (C-4 B ), 76.6 (C-4c), 76.3 (C-2e), 72.9 (C-3 B ), 72.3 (C 
5e), 72.3 (C-4 D ). 71.8 (C-3«0, 71.1 (C-2c), 70.5 (02b> 3 B ), 69.7 (C-4 B ), 69.5 (C-4 B ), 69.2 (C- 
5 D ), 68.8 (2Q CSb, 5 c ). 67.9 (OfcO), 6L0 (C-6o)> 60.8 (C-6b)> 55.5 (C-2 0 ), 40.0 (CH2NH2), 
22,6(GH 3 C=0). 18.0 (C-6 C ). 17.0 (C-6 B ).XXMS for CasHso^Ow (718) mfz 741 [M + Naf. 
HRMS (MALDI) Calcd for CMfeMiOi*: 741.2905. Pound: XXXX. 

Altyl (2 t 3 t 4-Tri-04>enzayl<uLM-hamnopywno^ 

rhamnopyranoside (28). TMSOTf (11 ^L, 59 mnoi) was added to a solution of the 
rhamnoside 26 (2.26 g, 5.88 mmol) and the trichbroacetimidate 27 (4.23 g, 6.82 mmol) in 
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anhydrous Et20 (60 mL) at -70°C. The reaction, mixture was stirred for 8 h while the cooling 
bath was slowly coining back to it Bt 3 N (100 \xL) was added, and the mixture was stirred at it 
for IS min. Solvents were evaporated, and the crude material was purified by column 
chromatography (solvent B, 49: 1 -* 9:1), to give 28 as a white foam (4.78 g, 96%). ! H NMR: 
6 8.17-7.12 (m, 25H, Ph), 5.97-5.85 (m, 3H, H-2*, 3a, Ctt*), 5.67 (pt, 1H, J 3 ,4« 9.6 Hz, H- 
4 A ), 5,34-5.19 (in, 3H, H-U, CHi=), 5.01 (d, 1H, J = 9.0 Hz, CHaPh), 4.92 (d, lH f J u ~ 1.3 
Hz, H-1 B ), 4.82-4.74 (m, 2H, CHzPh), 4.71 (d, 1H, J « 11.8 Hz, OCH2), 4,31 (dq, 1H, Jij = 
9 J Hz, H*5a), 4.21 (m, 1H, OCHz), 4.10 (dd, 1H, H-2 B ), 4.02 (m, 1H, OCHa), 3.97 (dd, 1H, 
J 2(3 - 3,0, h* - 9.2 Hz, H-3 B ), 3.82 (dq, 1H, hs= 9.4 Hz, H-5 B ), 3.71 (pt, 1H, H-4 B ), 1.43 (d, 
3H, hfi = 6.1 Hz, fr6B). 137 (d, 3H, Js.6 = 6.2 Hz, H-6a); l3 C NMR; S 166.3, 165.9, 165-7 
(3C, 0=0), 139.0-127.9 (CH=, Ph), 1 17.8 (0**=), 99.9 (CM*), 98.3 (C-1 B ), 80.6 (C*4 B ), 80.2 
(C-3»), 76.5 (C-2 B ), 76.0, 72.9 (2C, CHjPh), 72.3 (C-4a), 71.0 (C-2 A *), 70.4 (C-3 A »), 68.7 
(C-5 B ), 68.1 (OCH*), 67.5 (C-5a), 18.4 (C-6 B ), 18.1 (C-6a). FAB-MS for CmHmOu (M * 
842.3) m/z 865.1 [M+Na] + . 

An at Calaf. for C$oH 5 <>0& Q 71M; B, 5M Found C> XX; H> JOCK 

(23t4*tri-0-Benzoyl-a-X^rhamnopywnosyI)-(1^2)-3 f 4-di-0-bcnzyI-a-^ 
rha mnopy ranose (29). 1 ,5 -Cyclooc^iene»bis(methyldiphenylphosphine)iridium 
hexafluoropbosphate (25 mg) was dissolved in THF (10 mL) and the resulting red solution 
was degassed in an argon stream. Hydrogen was then bubbled through the solution, until the 
colour had changed to yellow. The solution was then degassed again in an argon stream. A 
solution of 28 (4.71 g, 5.59 mmol) in THF (40 mL) was degassed and added. The mixture was 
stirred at it overnight, then concentrated. The residue was taken up in acetone (350 mL) and 
water (82 mL). Mercuric bromide (3.23 g, 8.96 mmol) and mercuric oxide (2.64 g, 12.3 
mmol) were added to the mixture, which was protected from light. The suspension was stirred 
at rt for 1 h, then concentrated. The residue was taken up in CH2CI2 and washed three times 
with sat aq KI, then with brine. The organic phase was dried and concentrated. The residue 
was purified by column chromatography (solvent B, 3:1) to give 29 (3.87 g, 84%) as a 
colourless foam *H NMR: 8 8.15-7.12 (m, 25H. Ph), 5.94-5.88 (m. 3H, H-2* 3a, CH=), 5.70 
(pt, 1H, Jj, 4 « 9.7 Hz, H-4a), 5.31 (dd, 1H, Ji.oh= 3.0 Hz, H-1 B ), 5.28 (bs, 1H, H-l a), 4,98 (d, 
1H, J * 11.0 Hz, CHaPh), 4.82-4.68 (m, 3H, CHaPh), 4.31 (dq, 1H, 9.8 Hz, H-5a), 4.13 
(dd, 1H, J U - 2.1 Hz, H-2 B ), 4.06-3.99 (m, 2H, H-3 B , S B ), 3.72 (pt, 1H, J M * J 4>5 - 9.4 Hz, H- 
4b), 2.79 (bs, IH, OH-l B ), 1.41 (d, 3H, 6,2 Hz, H-6 B ), 1.37 (d, 3H, J 5|6 ~ 6.3 Hz, H-6a); 



LMPP12«p-fcreveU5p 



OV 024346BS 2003*4)7-04 



,J C NMR: 8 166.2, 165.9, 16S.7 <3C, 00), 138.9-127.9 (Ph), 99.7 (CM*), 94.2 (C-1 B ). 80.5 
(C4 B ), 79.6 (C-3b), 77.6 (C-2 B ), 76.5, 72.5 (2C, Wh), 72.3 (C-4<0, 71.0 (C-2a*), 70.4 (O 
3 A »), 68.8 (C-S B ), 67.6 (C-5a), 18.5 (C-6 B *), 18.1 (C-6 A *). FAB-MS for GnHuOia (M = 
802.3) wfe 825.1 [M-*Na] + . 

AnaL Calcd. for C«BL«Ou: C, 7031; H, 5.78. Found C, XX; H, XXX. 

rfasmnopyranosyl Tricbloroacetimidate (30). The hemiacetal 29 (3.77 g, 4.71 mmol) was 
dissolved in CHjClj (15 mL) and the solution was cooled to 0°C. Tricbloroacetonhrile (2.5 
mL) was added, then DBU (200 yL). The mixture was stirred at rt for 2 h. Toluene was 
added, and co-evaporated twice from the residue. The crude material was purified by flash 
chromatography (solvent B, 4:1 * 0.1% EtjN) to give 30 as a white foam (4.29 g, 96%). Some 
hydrolyzed material 29 (121 mg, 3%) was eluted next. The trichbroacetimidate 30, isolated 
as an ct/p mixture had 'H NMR (o anomer): 8 8.62 (s, 1H, NH)» 8.20-7.18 (m, 25H, Ph), 6.31 
(s, IH, H-Ib). 5.94 (dd, IH, J w « 1.6 Hz, H-2*), 5.89 (dd, 1H, J w - 3.4, J,,, - 9.9 Hz, H-3*). 
5.71 (pt, IH, H-4A 5.27 (bs, IH, H-Ia), 5.02 (d, IH, J = 10.8 Hz, CH a Ph), 4.84 (d, 1H, J - 
11.9 Hz, CHjPh), 4.79 (d, IH, CHjPh), 4.72 (d, IH, CH2PI1), 4.36 (dq, IH, J44 - 9.8 Hz, H- 
5*), 4.13 (dd, IH, R-2b\ 4.03-3.97 (m, 2H, H-3b. 5b), 3.80 (pt, IH, J w - 9.5 Hz, H-4 B ), 1.45 
(d, 3H, Jj.«- 6.1 Hz, H-6b), 1.40 (d, 3H, J 5j 6= 6.2 Hz, H-6a); "C NMR (a anomer): 8 166.2, 
165.9, 165.7 (3C, C=0), 160.8 (ONH), 138.6-1282 (Ph), 99.9 (C-1aX 972 (C1 B ), 91.4 
(CCb), 79.9 (C-4 B ), 79.1 (C-3 B ), 76.2 (CHjPh), 74.9 (C-2 B ), 73.3 (CHjPh), 72.1 (C-4 B ). 71.7 
(C-5 B ), 71.0 (C-2a). 70.2 (C-3a). 67.8 (C-5a), 184 (C-6b), 18.0 (C6a). 
AnaL Calcd. for C«H«CbNOn: C, 62.13} H, 4.89; N, 1.48. Found C, XX; H, XXX, N, 
XXX. 

Ally! (23,4-Tri-0-bci«oy!-a-L-rhamnopyranosyl)-(l-»2)-(3,4-di-0-benzyl-arL- 
rhamnopymnosyl)-(1^3)-t(23,4 l 6.tetm-0.1>enzyl<i-D-glucopy^^ 
benzoyl-a-L-rhamnopyranaside (33). (a) The acceptor 16 (465 mg, 0.56 mmol) was 
dissolved in ether 0 mL). The solution was cooled to -60°C and TMSOTf (65 pL, 0.36 
mmol) was added. The donor 30 (690 mg, 0.73 mmol) was dissolved in ether (6 mL) and 
added to the acceptor solution in two portions with an interval of 30 min. The mixture was 
stirred at -60 a C to -30"C over 2 h. Et 3 N (100 pL) was added. The mixture was concentrated 
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and the residue was purified by column chromatography (solvent B, 7:1) to give 33 (501 rag, 
55%). 

(b) A solution of the donor 27 (1.41 g, 2.25 mmol) and the acceptor 32 (1 .07 g, 1.79 mmol) in 
anhydrous EtjO (86 mL) was cooled to -60°C. TMSOTf (63 nL) was added, and the mixture 
was stirred at -60°C to -20 D C over 2.5 h. Et 3 N was added (100 nL). The mixture was 
concentrated and the residue was purified by column chromatography (solvent D, 49:1) to 
give 33 (2.66 g, 92%); [a] D +74.1 (c 0.5); *H NMR: 5 7.06-8,1 1 (m, 50H, Ph), 5.88-6.05 (in, 
3H, H-2* 3* CH» ), 5.71 (t, IH, H-4*), 5.51 (dd, IH, H-2 C ), 5.22-5.41 (m, 3H, EM* CH* = 
), 5.14 (d, IH, J u - 0.9 Hz, H-1 B ). 5.10 (d, IH, I u = 3.2 Hz, H-1 B ), 4.97 (bs, IH, H-l c ), 
4.35-5.00 (m, 14H, H-2 B , 5 A , 12 x CHaPh), 3.98-4.19 (m, 5H, H-3* 3 E , 5 B , OCK 2 ), 3.43-3.87 
(m, 9H, H-2& 3 8 , 4 B , 4c, 4* 5 B , Sc* 6* 1.44 (d, 3H, H-6*). 1.40 (d, 3H, H-6 C ), 1.13 (d, 
3H t H-6 B ); 13 C NMR 8 165.9, 165.4, 165.1 (OO), 127.1-138.7 (CH», Ph), 117.8 (CH 2 =0, 
101.3 (O-Ib), 99.6 (C-1/0, 97.9 ((Me), 96.1 (C-l c ), 81.9 (C-3 E ), 81.0 (C-2*), 80.1 (C-3 C ), 
79.8 (C^4b), 78.9 <C-3 B ), 77.9 (C-4c), 77,4 (C-4b)> 75.9 (02 B ), 75.6, 75.0, 74.9, 73.9, 72.9 
(CH 2 Ph), 72.4 (C-2 C ), 71.9 (C-4*), 71.2 (C-5 B ), 70.9 (CHaPh), 70.7 (C-2 A *), 70.0 (C3 A »), 
69.2 (C-5 B ), 68.5 (OCHa), 68.1 (C-6 B ), 67.6 (C-5 C ), 67.2 (C-5a), 18.8 (06,0, 18.1 (C-6 C ), 
17.8 (C-6 B ). FAB-MS for C 9 7H 9 aOaa (1614) m/z 1637 [M+Naf . 
AnaL Calcd, for C^H^CW. C, 72.10; H, 6.1 1. Found: C, 71.75; H, 6.27. 

(2,3,4-Tri-04>cnzoyl-a»L-i1iamnop 

rhanmopyranosylHl-^3)-K2,3,4 > 6-tetra-0-ben^l-a-D-glucopyranosyl)-(^ 
bcnzoyl-a/p-L-rtamnopyranose (34). 1,5-Cycboctadiene- 

bis(mfithyldiphenylphosphine)iridium hexafluorophosphatc (12.5 mg) was dissolved in THF 
(5 mL) and the resulting red solution was degassed in an argon stream. Hydrogen was then 
bubbled through the solution, causing the colour to change to yellow. The solution was then 
degassed again in an argon stream. A solution of 33 (1.138 g, 0.70 mmol) in THF (15 mL) 
was degassed and added. The mixture was stirred at rt overnight. The mixture was 
concentrated. The residue was taken up in acetone (7 niL) and water (0.7 mL). Mercuric 
chloride (285 mg, 1.05 mmol) and mercuric oxide (303 mg, 1.4 mmol) were added to the 
mixture, which was protected from light. The mixture was stirred at rt for 1 h, then 
concentrated. The residue was taken up in CH^Cfe and washed three times with sat. aq. KI, 
then with brine. The organic phase was dried and concentrated. The residue was purified by 
column chromatography (solvent B, 7:3) to give 34 (992 mg, 90%) as a colourless foam. *H 
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NMR: 5 7.05-8.16 (a, 50H, Ph), 5.88-5.93 (m, 2H, H-2a, 3 a ), S.73 (pt. 1H, H-4a), 5.55 (m, 
iH, H-2c), 5.37 (bs. 1H. H-l*). 5.28 (bs, IH, H-l c ), 5.1* (bs, IH, H-1 B ), 5.07 (d, 1H, J u - 
3.1 Hz, H-1e), 4.78-4.99 (in. 6H, CHjPh), 4.31-4.68 (m, 8H, H-2 B , 5a, CH 2 Ph), 4.24 (dd, IH, 
H-3c), 3.99-4.09 (m, 3H, H-3 E , 5 C , 5 E ). 3.82 (pt, IH, H-4c)» 3.57-3.76 (m, 5H, H-3 B , 4 E , 5 B , 
63E, 6bE), 3.48 (dd, IH, H-2e), 3.17 (d, 1H, OH), 1.43 (d, 6H, H-o^ 6c), 1.14 (d, 3H, H-6 B ); 
"C NMR: £ 166.0, 165.6, 165.2 (4C, OO), 127.2-138.9 (Ph), 101.1 (G-1 B ). 99.7 (C-1a). 98.1 
(C-1b), 91.6 (C-lc), 81.9 (C-3e), 81.1 (C-2b), 79.9 (C-4 B ), 79.4 (C-3c), 78.9 (C-3 B ), 78.3 (C- 
4c), 77.6 (C-4 E ), 76.1 (C-2 B ), 75.8, 75.3, 75.1, 74.0, 73.1 (XXC, CHaPb), 72.7 (C-2c), 72.1 
(C-4*), 71.4 (C-Ss), 71.1 (CHzPh), 70.8 (C-2 A *), 70.2 (C-3 A *), 69.4 (C-5 B ), 68.3 (C-6 E ), 67.7 
(C-5 C ), 67.3 (C-5x), 19.0 (C-6a). 18.2 (C-6c). 17.9 (C-6s). FAB-MS for Cj^Oa (1574) m/z 
1597 [M+Naf. 

AnaL Calcd. fer ChHhOk: C, 71.6S; H, 6.01. Found: C, 71.48; H, 6.17. 

(2,3,4-Tri-0-bciizoyl.a-L-rhamaopyranosyl)-(l->2).(3,4-di-0-benzyI-a-L- 
rhamnopyranoiyI)-(l-*3)-[(2^,4,6-tetra-0-benzyI-o-D.glucopyranogyI)-(l->4)].(2-0- 
benzoyl-a/p-L-rhamnopyranosyl trichloroacetimidate (35). Tie hemiacetal 34 (412 mg, 
0.26 mmol) was dissolved in CHjCU (5 mL) and the solution was cooled to 0"C. 
TricbJoroacetonitrile (0.26 mL) was added, then DBU (4 uL). The mixture was stirred at 0°C 
for 1 h. The mixture was concentrated and toluene was co-evaporated from the residue. The 
residue was purified by flash chromatography (solvent B, 4:1 + 0.1% EtaN) to give 34 (393 
mg, 88%). >H NMR: 8 8.74 (s, IH, NHX 7.03-8.10 (m, 50H, Ph), 6.42 (d, IH, J u - 23 Hz, 
H-lc), 5.87 (m, 2H, H-2a, 3a), 5.67 (m, 2H, H-2c, 4a), 5.30 (bs, IH, H-1a), 5.14 (bs, IH, H- 
1 B ), 5.08 (d, IH, J u - 3.1 Hz. H-Ib), 4.74-458 (m, 6H, CHjPh), 423-4.69 (ro, 9H, H-2 B , 3c, 
Sa, CHjPh), 3.88-4.07 (m, 3H, H-3e, 5 B , 5 E ), 3.57-3.74 (m, 7H, H-2b, 4 b , 4c. 4e. 5 C , 6^, 61*), 
3.50 (dd, IH, H-3 B ), 1.38 (d, 6H, H-6a, 6b), 1.07 (d, 3H, H-6c); U C NMR: 8 165.9, 165.5, 
165.4, 165.1 (4C, OO), 160.1 (ONH), 1272-138.7 (Ph), 101.2 (C-i B ), 99.7 (C-U), 98.3 (C- 
ls), 94.3 (C-lc). 90.9 (CCM, 81.7 (C-3 E ), 80.9 (C-2 E ), 79.6 (C3 C , 4b), 78.5 (C-3 B ), 77.2 <C- 
4c). 77.5 (C-4e), 75.9 (C-2a), 75.6, 75.1, 75.0, 74.0, 72.9 (CHaPh), 71.8 (C-2 C ), 71.3 (C-4a), 
71.0 (CHiPh), 70.7 (C-5S), 70.5 (C-2 A *), 70.3 (C-3 A *), 70.0 (C-Sb), 69-5 (C-5c), 67.9 (C-6e). 
672 (C-5a), 18.7 (C-6 A ), 17.8 (C-6c), 17.7 (C-6 B ). 

AnaL Calcd. for C»6Hs*Cl}NO»: C, 67.03; H, 5.51; N, 0.81. Found: C, 63.14, H. 5.14; N, 
1.00. 
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2-Azidoethyl (2,3,4-Tri^benzoyl^-I^rhamnopyranosyIH^ 
rhamnopyranoaylHl^MW^^etra-O-be 

benzoyl-a-L-rh*mnopyranosyI)-(1^3)-2-acctamido-2-deo^-4,6-0-isopropylidcne-p.D- 
glucopyranoside (35). (a) The tetrasaccharlde donor 6 (500 mg, 0.29 mmol) and the acceptor 
7 (140 mg, 0.42 znmol) were dissolved in 1,2-dichloroethane (5 mL) and 4A-MS (400 mg) 
were added. The mixture was stirred at ct for 2 k The mixture was cooled to 0°C and triflio 
add (7 pL, 0,072 mxnol) was added. The mixture was stirred at 0°C to rt over 1 h 30 min. The 
mixture was then heated at 65°C fbr 1 h 30 min. The mixture was allowed to cool, Et 3 N (0*5 
mL) was added, and the mixture was stirred at rt for 20 min. The mixture was diluted with 
CH 2 Ct and filtered through a pad of Celite. The filtrste was concentrated and purified by 
column chromatography (solvent B, 4:3) to give 35 (340 mg, 62%). 

(b) The tetrasaccharide donor 6 (250 mg, 145 nmol) and the acceptor 7 (67 mg, 204 nmol) 
were dissolved in DCM (1.5 mL) and 4A-MS (200 rag) were added The mixture was stirred 
at -40°C fbr 30 min and triflic acid (5 jiL) was added. The mixture was stirred at rt over 3 h, 
triethy lamina was added, and the mixture was stirred at it for 15 min. The mixture was diluted 
with CH2CI2 and filtered through a pad of Celite, The filtrate was concentrated and purified 
by column chromatography (solvent B, 9:1 1:1) to give 35 (219 mg, 80%). [a)* +29.0 (c 
0.25, McOH); 'HNMR; S 7.04-8.06 (m, 50H, Ph), 6.24 (d, 1H, NH), 5.90 (m, 2H, H-2a, 3a), 
S.70 (t, 1H, H-4a), 5.42 (m, 1H, H-2 C ), 5.35 (bs, 1H, H-l a), 5,13 (m, 3H, H-1 B , Id, l*\ 4.77- 
5.00 (m, 5H, H-lc, CHaPh), 4.29-4.66 (m, 11H, H.2 B> 3d, S a , CH*Ph), 3.80-4.U (m, 6H, H- 
3c, 3e, 5c Se, 6ao, CHaO), 3.45-3.78 (m, 12H, H-2 E , 3 B , 4a, 4 C , 4 Dl 4 E , 5 B , 5 D , 6hD, 6a E , 61*, 
CftO), 3.39 (m, 1H, CHaN,), 3.23 (m, 2H. CH 2 N 3 ), 2.13 (s, 3H, CHjCO), 1.43 (d, 9H, 
H-6a, (CH3)2Q, 1.29 (d, 3H, H-6cX 1.11 (d, 3H. H-6 B ); U C NMR: 5 171.8, 165.9, 165.5, 
165.0, 163.5 (5C, OO), 127.1-138.7 (Ph), 101.3 (C-1 B ), 99.8 (C-I D ), 99.3 (C-1a), 97.7 (C 
lc), 97.6 (C-Ib), 91.8 (C(CH 3 )2), 81.6 (C-3e). 81.0 (C-2s), 80.0 (C-3 C ), 79.7 (C-4 0 ), 78.9 (C- 
4 B ), 77.5 (C-3 B , 4c), 76.4 (03 D ), 75.6 (C-2 B ), 75.5, 74.9, 74.8, 73.8, 73.0 (5C, CHaPh), 72.9 
(C4 B ), 72.7 (C-2c), 71.8 (C-4X), 71.3 (C-5 B ), 71.0 (CHiPh), 70.6 (C-2 A *)> 70.0 (C-3 A *), 69.3 
(CS B ), 68.6 (OCHa), 68.3 (C-6 E ), 67.5 (C-5 C ), 67.3 (C-5a), 67.1 (C-5 D ), 62.2 (O6 0 ), 58.9 (C 
2 D ), S0.6 (CH3N3X 29. 1 (CH3C), 23.6 (Of 3 00), 19.2 (CHjC), 1 8.6 (06*), 1 8.0 (C-6 C ), 17.6 
(C6 B ). FAB-MS fbr CwHiMNrfta (1886) m/a 1909 [M + Na] + . 

AnaL Calcd. for C 10 tHu4N 4 O«: C, 68.07, H, 6.09; N, 2.97. Found: contient dti CCI3CN 
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2-Aminocthyl a-L-RbamnopyranosyKl->2)-otrW^ 
glucopyranoftyl>(l->4)]^L-rhamnopynmosyl-(1^3)-2-flcctamido-2-deo^ 
gtacopynmoaide (37). An Ice cold solution of 95% aq TFA (1 mL) in CH 2 Clj (9 mL) was 
added to the pentasaccharide 35 (64S mg, 0.34 mmol). The mixture was kept at 0°C for 10 
min, then diluted with toluene and concentrated Toluene was co-evaporated from the residua 
The residue was dissolved in MeOH (20 mL). and a 1M solution of methanolic sodium 
methoxide (3,5 mL) was added. The mixture was stirred at 50°C for 18 h. The mixture was 
neutralised with Amberlite IR-120 (it) resin and filtered. The filtrate was concentrated. The 
mixture was purified by column chromatography (solvent A, 9:1) to give 36 (374 mg, 77%) as 
a colourless foam. The crude pentasaccharide 36 (360 mg, 0.25 mmol) was dissolved in a 
mixture of EtOH (10 mL) and EtOAc (1 mL). A IN solution of aq HC1 (0.S mL) was added 
The mixture was stirred under hydrogen in the presence of 10% Pd/C (400 mg) for 18 k The 
mixture was diluted with water and filtered. The filtrate was concentrated then lyophilised. 
The residue was dissolved in a solution of NaHCOj (75 mg) in water (1 mL) and purified by 
passing first through a column of Cu silica (ehiting with water), then through a column of 
Sephadex do (ehiting with water) to give, after lyaphflisation, 37 (138 mg, 64%). HPLC (230 
nm): Rt 5.87 min (Kromasil S C18 100 A 4.6x250 mm analytical column, using a 0-20% 
linear gradient over 20 min of CH3CN in 0.01M aq TFA at 1 mL/min flow rate). ! H NMR 
(D2O): 8 5.15 (d, 1H, Ju - 3.7 Hz, H-1 E ), 5.00 (bs, IH, H-1a), 4.92 (d, 1H, J u = 1.1 Hz, H- 
1b). 4,76 (bs, 1H, H-lc), 4,53 (d, 1H, « 8.6 Hz, H-1 D ), 4.10 (m, 1H, H~5 C ), 4.03 (m, 2H, 
H-2a, 2a), 4,01 (m, 3H, H-4 A » 4 B , CH*0), 3.83-3.88 (m, 7H, H-2 C , 2d, 3a, 6a Dj 61*, 6a E; 
CH 2 0), 3.69-3,76 (m, 7H, H-3 B , 3 C , 3 E , 4c 5 A , 5 B , 6b B )> 3.52 (pt, 1H, H~3 D ), 3.33-3.54 (m, 
5H, H-2b, 4d, 4a, So, 5a), 3,09 (m, 2H, CHjNHj), 1.98 (s, 3H, CHjOO), 1.28 (d, 3H, H-6 C ), 
1.22 (m, 6H, H-6 A , 6 B ); l3 C NMR (DiO): S 1753 (CO), 103.4 «M B ), 10L9 (C-1a), 10L4 
(Clc, Id), 98.4 (C-1e), 82.3 (C3 D ), 80.2 (C-2 B ), 79.9, 76.7 (0-2 E ), 72.9, 72.4, 72.4, 72.2, 
71.8, 71.6, 70.5, 70.4, 70.1, 70.0, 69.7, 69.6, 69.4, 68.7, 66.7 (?77??CH 2 0), 61.0 (2C, C6 D , 
6e), 55,5 (C-2 D ). 39.9 (CH2NH2), 22.6 (CHjOO), 18.2 <C-6 C ), 17.2 (06,0, 17.0 (C-6b). MS 
for HRMS (MALDI) Calcd fcr Ca^oNaOa+H: 865.3665. Found: 865.3499. 

Maleimido activated PADRE Lys (8). 

Starting fiom 0.1 mmol of Fmoc Pal Peg Ps resin, amino acids (0.4 mmol) were incorporated 
using HATU/DEEA (0.4 mmol) activation. The N-terminal D-Ala was incorporated as Boc-D- 
Ala-OH. After completion of the chain elongation, the resin was treated three times with 
hydrazine monohydrate (2% solution in DMF, 25 mL/g of peptide resin) for 3min, which 



13 



LMPP12exp-brcv<f»gp 



CSV 02434603 2003-07-04 



allowed the selective deblocking of the Dde protecting group. To a solution of maleimide 
butyric acid (183 mg, 1-0 mmol) inDCM (2 mL) was added DCC (103 nag, 0.5 mmol). After 
stirring for 10 min, the suspension was filtered, and the filtrate was added to the drained 
peptide resin. DEEA (17 \lL % 0,5 mmol) was added. After 30 min, the peptide resin was 
washed with DMF (100 mL), MeOH (100 mL), and dried under vacuum. After TFA/TIS/H 2 0 
(95/2.5/2,5) cleavage (10 mL/g of resin, 1.5 h), the crude peptide (157 mg) was dissolved fa 
16 mL of 15% CH3CN in 0,08% aq, TFA, and purified by reverse phase Medium Pressure 
Liquid Chromatography (MPLC) on aNucleoprep 20 \im C18 100 A column, using a 15-75% 
linear gradient of OffcCN in 0,08% aq TFA over 60 min at 25 mL/min flow rate (214 nm 
detection) to give 8 (107 mg, 61%). HPLC (214 nm): Rt 13.4 min (94% pure, Nucleosil 5 fun 
C18 300 A analytical column, using a 15-45% linear gradient over 20 min of CHjCN in 
0,08% aq TFA at 25 mL/min flow rate). Positive ion BSMS Calcd for CoHiaNiiOu: 
1759.18. Found: 1758.83 (SD: 0.40). 

(5-A<^tyhhiomethyi)carbonyhuninoethyI a-D-Glucopyranosyl-(l->4)-a-L- 
rhamnopyranosyK1^3)-2-acctaniido-2-dcoxy-p-D-glucopyraaosidc (38). The 
trisaccharide 18 (58 mg, 0.1 mmol) was dissolved in DMF (1 mL). SAMA-Pfp (33 mg, 0.11 
mmol) was added, and the mixture was left to stand at rt for 40 min. Toluene was added and 
the mixture was concentrated. Ether was added to the residue. The resulting precipitate was 
collected and purified by passing through a column of Cm silica (solvent D, gradient) to give 
38 (36 mg, 53%). HPLC (230 nm): Rt 13.74 min (99% pure, Eromasil 5 pm C18 100 A 
4.6x250 mm analytical column, using a 0-20% linear gradient over 20 min of CH3CN in 
0,01M aq TFA at 1 mL/min flow rate). l3 C NMR (DaO): 8 200.3 (SOO), 175.2, 171.9 
(NOO), 102.1 (C-l c ), 101.2 (Oi D ), 100.5 (C-1 E ), 82.7 (03 D ), 81.8 (C-4 C ), 76,8 (02 E ), 73.6 
(C3s), 72.6 (C-5 £ ), 72.4 (C-4 D ), 71.8 (C~2 C ), 70.2 (C-4,0, 69.7 (C-3 C ), 69.4 (C-5 D >, 68.9 (C- 
5c), 68.9 (CHjO), 61.6 (C-6 D ), 60.9 (C-6 H ), 56.1 <C-2 D ), 40.6 (CH 2 NH), 33.7 (CH 2 S), 30.4 
(CH 3 C(0)S), 23.0 (CHjC(0)N), 17.5 (C-6q). ES-MS for CMW^B (688) mto 689 
[M+H] + . 

HRMS (MALDI) Calcd tor CifiB^NaOnS +Na: 71L2258. Found: XXXXX. 

(S-AcetylthiomethyI)cartonyIaminoetbyl a-L-Rhamnopyrano8yl-(1^3)-[a-D* 
glucopyrano5yl»(l^)]^-L-rhanmopyrano^l-(1^3)«2-acetamldo~2-deo^r-p-B- 
glucopyranoside (39)* A solution of SAMA-Pfp (16.7 mg, 40 nmol) in acetonitrile (150 pL) 
was added to the tetrasaccharide 25 (20 mg, 28.8 ^mol) in 0.1M phosphate buffer (pH 7.4, 
600 mL). The mixture was stirred at rt for 45 min and purified by RP-HPLC to give 39 (17 
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mg, 74%). HPLC (230 ran): Rt 13.63 mln (98% pure, Kromasii 5 umC18 100 A 4.6x250 mm 
analytical column, using a 0-20% linear gradient over 20 min of CHjCN in 0,01M aq TFA at 
1 mL/min flow rate). *H NMR (D a O): S 5.10 (d, IH, J w - 3 J Hz, H-1 E ), 4.91 (d, IH, J u = 
0.8 Hz, H-1b), 4.73 (bs, IH, H-l c ), 4.45 (d, IH, J l(? - 8.5 Hz, H-1 D ), 4.09 (m, 1H, H-5 C ), 3.97 
(m, IH, H-2 B ), 3.87 (m, 4H, H-2& 3c* 6ao, OfcO), 3.62-3.78 (m, 8H, H-2 D , 3 B , 4 C , 5* 6b D , 
6aE, 6be, 1 x CHjO), 3.60 (m, 3H. H-3* CHiS), 3.48 (pt, IH, H-3 D ), 3.39-3.46 (m, 6H, H-2* 
4b. 4n, 4 E , 5d, 5bX 3.33 (m, 2H, CHjNHi), 2.35 (s, 3H, CHjC(O)S), 1.98 (s, 3H, CH 3 C(0)N). 
1.27 (d, 3H, H-6c), 1.23 (d, 3H, H-6b): u C NMR (DjO): 8 199.8 (SOO), 174.5. 171.3 
(NC(0)), 103.2 (C-l 8 ), 101.4 (C-l c ), 100.9 (Cl D ), 98.6 (C1 E ), 82.0 (C-3 D ), 79.0 (C-4b), 

76.6 (C-4 C ), 76.3 (C-2 B ), 72.9 (C-3 E X 72.3 (C-5 E ), 72.2 (C-4 D ), 71.8 (C-3 C ), 71.0 (C-2c), 70.5 
(C-2 B , 3 B ), 69.7 (C-4b)» 69.5 (C-4b), 69.1 (C-5 C , 5 D ), 68.8 (C-5 B ), 68.7 (CH 2 0), 61.1 (C-6 D ), 

60.7 (C-6 E ), 55.5 (C-2 D ), 40.1 (CHjNH), 33.2 (CH 2 S), 29.9 (CHjC(0)S), 22.6 (CHjCCON), 
17.9 (C-6cX 16.9 (C-6b). MS for CaiH^O^S (834) m/z 857 [M + Na] + , 
HRMS-MALDI Caicd for QjH«NaQ2jS+Na: 857.2838. Found: 857.2576. 

(5-Acetylthiom«hyI)carbonylaminoethyl otpL-Rhamnopyranosyl-(l->2)-o-L- 

rhamaopyranosyI-(l-^3)-Ia-D-gIucopyraaosyl)-(l-»4)]-a-L-rhamaopyranosyl-(l-^3)-2- 
acetsmido-2-deoxy-P-D-gIucopyranoside (40). The pentasaccharide 37 (6.4 mg, 7.4 pmol) 
was dissolved in 0.1M phosphate buffer (pH 7.4, 1.0 mL). SAMA-Pfp (6.6 mg, 22 umol) was 
added, and the mixture was stirred at rt for 5 h. More SAMA-Pfo (6.6 mg, 22 junol) was 
added and the mixture was stirred for 1 h more at rt. RP-HPLC of the mixture gave 40 (5.4 
mg, 75%). HPLC (230 nm): Rt 13.86 min (100% pure, Kromasil 5 um C18 100 A 4.6x250 
mm analytical column, using a 0-20% linear gradient over 20 min of CHjCN in 0.01M aq 
TFA at 1 mL/min flow rate). 'H NMR (DiO): S 5.13 (d, IH, Ji. 2 - 3.7 Hz, H-1 E % 4.98 (bs, IH, 
H-1a), 4.90 (bs, IH, H-1 B ), 4.74 (bs, IH, H-l c ), 4.47 (d, IH, J w = 8.5 Hz, H-1 P ), 4.09 (m, 
IH, H-5 C ), 4.00 (m, 2H, H-2a, 2 b ), 3.79-3.85 (m, 8H, H-2 C , 2 D , 3a, 4 a , 4 b , 6ao, 6b D , CHaO), 
3.65-3.74 (m, 9H, H-3 B , 3 C , 3 E , 4c, 5*. 5 B , 6a* 6be, CHjO), 3.60 (m, 2H, CH 3 S), 3.53 (pt, IH, 
H-3 0 ), 3.13-3.49 (m, 7H, H-2e. 4d, 4 e , 5d, 5 E , CHjNH), 2.35 (s, 3H, CH,C=OS), 1.99 (a, 3H, 
CH,C=ON), 1.28 (d, 3H, H-6 C ), 1.20 (m, 6H, H-6a, 6 b ); '*C NMR (D 2 0): 6 199.9 (SCO), 
174.5. 171.4 (NC=0), 102.8 (C-1 B ), 101.7 (C-1a), 101.4 (Cl c ). 100.9 (C-1 D ), 97.9 (C1 E ), 
82.0 (C-3 D ), 79.7 (C-2a), 79.0, 76.3. 72.9, 72.4, 72.2, 71.8, 71.0, 70.5, 69.7, 69.5, 69.1, 68.8, 
68.5 (XXXX, CHaO), 61.1 (2C, C-6 0 , 6e), 60.7 (C-6*), 55.6 (C-2 D ), 40.1 (CHsNH), 332 
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(CH2SX 29.9 (CH 3 C«OS), 22.7 (CHbOON), 18.2 (C-6c), 17.2 (C-6a), 17.0 (C-6 B ). HRMS 
(MALDl)CalcdforC 3 BH64NiO«S+Na: 1003.3417. Found: 1003.3426. 

PADRE (thioracthyOcarbonylaminoethyl a-D-glucopyranosyl-(l->4)-ce*L- 

rhamnopyranosyl<1^3)-2-acetamido-2-dcoxy-p-l)-glucopyraiio9ide (1). Compound 38 
(5.0 mg, 7.3 jimol) was dissolved in water (500 \iL) and added to a solution of PADRE-Mal 
(10 mg, 5.68 jimol) in a mixture of water (900 *iL), acetonitrile (100 jiL) and 0.1M phosphate 
buffer (pH 6.0, 1 mL). 1 17 nL of a solution of hydroxylamine hydrochloride (139 mg/mL) in 
0.1M phosphate buffer (pH 6.0) was added and the mixture was stirred for 1 h. RP-HPLC 
purification gave the pure glycopeptide 1 (8.5 mg, 62%). HPLC (230 nm): Rt 10.40 min 
(100% pure, Kromasil 5 \xm CI 8 100 A 4.6x250 mm analytical column, using a 0-20% linear 
gradient over 20 min of CHjCN in 0,0 1M aq TFA at 1 mL/min flow rate). ESMS Calcd for 
CiooHwiNmOjsS: 2405.85. Found; 2405.52. 

PADRE (thiomethyl)carbonylaminoetbyl a-L-rhamnopyranosyl-(l->3)-[a-D- 
glucopyranosylH1^4)]-a-L-rhamnop3TanosyHl^ 

glucopyranoside (2). Compound 39 (4.9 mg, 5.8 nmol) was dissolved in water (500 nL) and 
added to a solution of PADRE-Mal (13 mg, 7.4 pmol) in a mixture of water (1 mL), 
acetonitrile (200 |iL) and 0.5M phosphate buffer (pH 5.7* 1.2 mL). 117 pL of a solution of 
hydroxylamine hydrochloride (139 mg/mL) in 0.5M phosphate buffer (pH 5.7) was added, 
and the mixture was stirred for 1 h. RP-HPLC purification gave the pure glycopeptide 2 (6.7 
mg, 48%). HPLC (230 nm): Rt 11.60 min (100% pure, Kromasil 5 |im C18 100 A 4.6x250 
mm analytical column, using a 20-50% linear gradient over 20 min of CH 3 CN in 0,01 M aq 
TFA at 1 raL/min flow rate). ESMS Calcd for CusHihNjbOjoS: 2552. Found: 2551.90. 

PADRE (thiomethyl)carbonylaminoethyl a-3>Rhamnopyranosyl-(l-^2)-a-L- 
rii*mnopyrano5yHI^3Ha-D-glucopyranosyIM^ 

acetamido-2-dcoxy-p-B-glucopyranosidc (3)- Compound 40 (5.S9 mg, 5.7 junol) was 
dissolved in water (500 jiL) and added to a solution of PADRE-Mal (12.6 mg, 7.2 pmol) in a 
mixture of water (1 mL), acetonitrile (200 \xL\ which had been previously diluted with 0.5M 
phosphate buffer (pH 5.7, 1.2 mL). A solution of hydroxylamine hydrochloride (139 mg/mL) 
in 0.5M phosphate buffer (pH 5.7, 1 17 \iL) was added and the mixture was stirred for 1 h. RP- 
HPLC purification gave the pure glycopeptide 3 (7.1 mg, 46%). HPLC (230 nm): Rt 10.33 
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min (100% pure, Kromasil 5 pmCli 100 A 4.6x250 mm analytical column, using a 20-S0% 
linear gradient over 20 min of CH 3 CN in 0.0 1M aq TFA at 1 mL/min flow rate). ESMS Calcd 
for C«iH2oiN2304 3 S: 2698, Found: 2698.09. 
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Synthesis of a pentasaccharide building block of the O-specific polysaccharide of 
Shigella flexneri serotype 2a. 

This paper disclosed the preparation of oligo- or polysaccharides made of two repeating units. 
The inventors reasoned that it would best rely on the use of a pre-functkmalized building 
block, representative of the repeating unit of the O-Ag, or of a frame-shifted sequence thereof, 
and susceptible to act either as a donor and potential acceptor, or as an acceptor and potential 
donor. The synthesis of such a key synthetic intermediate is described, together with its 
conversion in the form of either a donor or an acceptor. 
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Synthesis of a pentasaccharide building block of the O-specific polysaccharide of 
Shigella flexneri serotype 2a lu 



Abstract 



INTRODUCTION 

Shigellosis or bacillary dysentery is a serious infectious disease, responsible for some 
200 million episodes annually, mostly in children and immunocompromised individuals 
living in areas were sanitary conditions are insufficient. 121 Of the four species of Shigellae, 
Shigella flexneri is the major responsible of the endemic form of the disease, with serotype 2a 
being the most prevalent. Due to increasing resistance of all groups of Shigcllae to antibiotics! 

the development of a vaccine against shigellosis is of high priority as stated by the World 
Health Organization in its program against enteric diseases. w However, there arc yet no 
licensed vaccines for shigellosis. 

Shigella's Iipopolysaccharide (LPS) is a major surface antigen of the bacterium. The 
corresponding O-antigen (O-Ag) is both an essential virulence factor and the target of the 
infected host's protective immune response. ls% ^ Based on the former hypothesis that serum 
IgG anti-LPS antibodies may confer specific protection against shigellosis, m several 
polysaccharide-proteine conjugates, targeting either Shigella sonnet, Shigella dysenteriae 1 or 
S. flexneri serotype 2a, were evaluated in humans. [K 93 In the case of 5. sonnet, recent field 
trials allowed Robbins and co-workers to demonstrate the efficacy of a vaccine made of the 
corresponding detoxified LPS covalently linked to recombinant exoprotein A. fl0] Even 
though efficient, polysaccharide-protein conjugate vaccines remain highly complex structures, 
whose immunogenicity depends on several parameters amongst which the length and nature 
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of the saccharide component as well as its loading on the protein. It is reasonably admitted 
that the standardization of these parameters is somewhat difficult when dealing with 
polysaccharides purified from bacterial cell cultures. That short oligosaccharides were 
immunogenic when conjugated onto a protein carrier was demonstrated on several occasions. 

It may be assumed that the use of well-defined synthetic oligosaccharides would allow a 
better control, and consequently the optimisation, of the above mentioned parameters. Indeed, 
available data on 5. dysenteriae type 1 indicate that neoglycoconjugates incorporating di-» tri- 
or tetramers of the O-Ag repeating unit were more immunogenic than a detoxified LPS- 
human serum albumin conjugate of reference. oa) Others have shown that conjugates 
incorporating oligosaccharides comprising one repeating unit or smaller fragments were 
immunogenic in mice. * 13f I4 ' 

Along this line, we recently prepared three neoglycoproteins as potential semi-synthetic 
vaccines against Shigella Jlexneri 2a infection. These incorporated short oligosaccharide 
haptens! representative either of part or of the whole repealing unit of the O-Ag of £ jlexneri 
serotype 2a. Preliminary data indicate that two out of the three conjugates are immunogenic in 
mice.(Phalipon et al, unpublished results) However, parallel studies on the recognition of 
synthetic fragments of die O-Ag by protective homologous monoclonal antibodies suggested 
that sequences comprising more than one repeating unit of the O-Ag were more antigenic, 
thus probably better mimicking the natural polysaccharide. IiS} It is anticipated that better 
mimics of the O-SP would lead to conjugates of higher immunogenicity. Thus, the 
preparation of oligo* or polysaccharides 1161 made of two repeating units or more was 
considered. We reasoned that it would best rely on the use of a pre-fiinctionalized building 
block, representative of the repeating unit of the O-Ag, or of a frame-shifted sequence thereof 
and susceptible to act either as a donor and potential acceptor, or as an acceptor and potential 
donor The synthesis of such a key synthetic intermediate is described in the following, 
together with its conversion in the ferm of either a donor or an acceptor. 

RESULTS AND DISCUSSION 

A B E C D 

2)-a-L-Rhv<1^2)-a-l^^^ 

I 
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The O-SP ctS.Jlexneri 2a is a branched heteropolysaccharide defined by the pentasaccharide 
repeating unit L Il7% 181 ft features a linear tetrasaccharide backbone, which is common to all £ 
flexneri Oantigens and comprises a AT-acetyl glucosamine (D) and three rhamnose residues 
(A, B, C). The specificity of the serotype is associated to the ct-D-glucopyranose residue 
linked to position 4 of rhamnose C. 

As part of a study of the mapping at the molecular level of the binding of protective 
monoclonal antibodies to & flexneri 2a O-antigen, a set of of di* to pentasaccharides 
corresponding to frame-shifted fragments of tie repeating unit I, flMa5 an octasaccharide P5J 
and more recently a decasaccharide* 241 have been synthesized in this laboratory. The latter, 
namely D'A'B'^C'DABO^C, was synthesized as its methyl glycoside by condensing a 
chain terminator pentasaccharide donor and a methyl glycoside pentasaccharide acceptor. In 
the following, the key intermediate is the DAB(E)C pentasaccharide 1, which is protected in 
an orthogonal fashion at position 0-3d with an acetyl group and at the reducing end by an 
allyl group. At this stage! the acctamido function is already present at position 2d* Compound 
1 may be converted to the corresponding alcohol 2, which acts as an acceptor and a masked 
donor, or to the trichloroacetimidate 3 which acts as an acceptor allowing subsequent chain 
elongation at the non-reducing end (Scheme 1). Previous work in the laboratory has shown 
that in order to construct the DAB(E)C sequence, the linear approach involving stepwise 
elongation at the non-reducing end, was more suitable than the blockwise one. 

D-glucasamine tmit(D). In order to limit the number of steps at the pentasaccharide level, we 
reasoned that an appropriate precursor to residue D should have (i) permanent protecting 
groups at positions 4 and 6 f (u) a participating group at position 2 and (iii) an orthogonal 
protecting group at position 3, allowing easy cleavage. As they allow a wide range of 
protecting group manipulations previously to ultimate activation, thioglycosides are highly 
convenient masked donors. Recently, two sets of non-malodorous thxoglycosyl donors have 
been proposed^Ref??, among which the thiododecanyl moiety was selected. Thus, the 
known peracetylated trichbroacetamide XX [26] was reacted with dodecanthiol in the presence 
of BFj.OEt 2 to give thioglycoside XX in high yield (97%). Zemplcn deacetylation cleanly 
afforded the corresponding triol XX, which was selectively protected at position 4 and 6 upon 
reaction with 2,2-dimethoxypropane (80% from XX). Indeed, previous observations in the 
series have demonstrated that 4,6»0-isopropylidene-D-glucosarninyl derivatives were highly 
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suitable precursors to residue D. Next, conventional acetylation of XX gave the required 
donor thioglycoside XX. 

l-Rhamnose units (A % B): Previous work in the aeries was mostly based on the use of the 2-0 
acetyl tricMoroacetimidate rhamnopyranosyl donor XX. ^ 243 Condensation yields were 
excellent. However, the acetyl protecting group not being fully orthogonal to the benzoyl one, 
the weak point of die strategy resides in the de-O-acetylation step which, in fact, is required 
twice, The levulinate on the contrary is fully orthogonal to either benzyl or allyl ethers, and to 
benzoates. The 2*0-!evulinoyl trichloroacetimidate donor XX was thus evaluated as an 
alternative to XX. It was prepared from the known allyl rhamnopyranoside XX^ 75 in three 
steps. Indeed, treatment of XX with levuiinio acid gave the folly protected XX (XX%, 
ALG/Gl) . deallylation of which proceeded in two steps based on (i) isomerisation of the allyl 
group into the propen-l-yt ether using an iridium complex, w and (2) subsequent oxidative 
cleavage of the latter to give the hemiacetal XX {XX%, ALG/GLY & ] Reaction of the latter 
with triohloroacetonitrile in the presence of l,R-diazabicyclo[5.4.0]undec-7-^ne (DBU) 
resulted in the required donor XX (XXVo. ALG/GL ). One should note that several routes to the 
known XX have been described including opening of the intermediate 2,3-0-benzylidene 
derivative D7) or regioselective herniation of the corresponding 2,3-diol via the stannylidene 
intermediate.(re£?) Alternatively, XX could be prepared from the orthoester XX, readily 
available from acetobromorhamnose XX upon reaction with allylic alcohol in the presence of 
lutidine (XX% from L-rhamnose, MP et ???y Deacetylation of XX in methanolic ammoniac 
gave diol XX, which was next benzylated into the 1,2-orfhoacetate XX (XX% from X XAfPer 
222). Isomerisation of the latter to the corresponding glycoside in the presence of TMSOTfc 
analogously to that described in the mannose series, < 30 ' 313 gave the fully protected XX (XX%, 
QL MS) together with the p-anomer XX (XX%, GL MP) , ZempKn deacetylation of the 
former gave XX quantitatively. Besides, XX is a convenient intermediate to the 2-0- 
acetylated donor XX, 

Synthesis of the pentasaccharide 1: The known allyl glycoside XX, acting as an EC acceptor, 
temporarily protected at the anomeric position and having a participating group at position 2c, 
was prepared as described in 63% yield from allyl 2,3-0-ispropylidene-a-L- 
rhamnopyranoside. 1211 Its condensation with the trichloroacetimidate donor XX, performed in 
the presence of a catalytic amount of TMSOT? afforded the fully protected trisaccharide XX 
(XX%, ALG reproduce), and subsequently the known B(E)C acceptor XX l24) upon selective 
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removal of the 0-levulinoyl group with hydrazine hydrate (XX%, ALG reproduire). Starting 
Scorn XX, this two-step process was repeated to give first the fully protected XX (XX%), then 
the known AB(E)C acceptor XX P4} in XX% yield. According to this strategy, XX was 
obtained in XX% overall yield from the key disaccharide XX, whioh compares fevourably 
with the 62% yield obtained in the previously described strategy involving the 2-O^acctyIated 
trichloroacetimidate donor XX. w Besides, considering that selective deblocking at positions 
2b and 2* was completed in overnight runs instead of the 5 days required for each 
corresponding chemoselective O-deacetylation steps, the use of the 2-0-Ievulinoyl donor 
appeared as a suitable alternative to that of XX, although its preparation, may be somewhat 
lower-yielding QOPA instead ofXX%from XX, ALG/GL). Using a mixture of NIS and triflic 
acid as the promoter, condensation of the tetrasaccharide acceptor XX with the tWoglycoside 
donor XX gave the key intermediate XX in 58% yield, Although alternative conditions in 
terms of promoters and solvents (not described) were tested, this rather low yield could not be 
improved. Radical dechlorination of XX using BifcSnH and a catalytic amount of ADBN 
readily afforded the corresponding acetamido key intermediate 1 (74%). (attention schema) 
On one hand, compound 1 may be efficiently converted to the acceptor building block 2 under 
ZempMn conditions. On the other hand, it was smoothly deallylated into the hemiacetal XX, 
following a two-step process as described above. Next, treatment of XX with 
trichtoroacetonitrile and DBU allowed its conversion to the building block 3 (82% from XX). 
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General methods 

* 

Optical rotations were measured for CHCfo solutions at 2S 0 C, expect where indicated 
otherwise, with a Perkin-Elmer automatic polarimeter, Model 241 MC, TLC were performed 
on precoated slides of Silica Gel 60 F 3 s4 (Merck). Detection was effected when applicable, 
with UV light, and/or by charring in 5% sulfuric acid in ethanoL 

Preparative chromatography was performed by elution from columns of Silica Gel 60 (particle 
size 0.040-0.063 nun). For all compounds the NMR spectra were recorded at 25°C for 
solutions in CDCb, on a Broker AM 400 spectoraeter (400 MHz for 'H 3 100 MHz for l3 C). 
External references : for solutions in CDCI 3 , TMS (0.00 ppm for both 'H and 13 C). Proton- 
signal assignments were made by first-order analysis of the spectra, as well as analysis of 2D 
l H- l H correlation maps (COSY) and selective TOCSY experiments. Of the two magnetically 
non-equivalent geminal protons at C-6, the one resonating at lower field is denoted H-6a and 
the one at higher field is denoted H-6b, The l3 C NMR assignments were supported by 2D l3 C- 
l H correlations maps (HETCOR). Interchangeable assignments are marked with an asterisk in 
the listing of signal assignments. Sugar residues in oligosaccharides are serially lettered 
according to the lettering of the repeating unit of the O-SP and identified by a subscript in the 
listing of signal assignments. Fast atom bombardment mass spectra (FAB-MS) were recorded 
in the positive-ion mode using dithioerythridoI/dithio-L-threitol (4 :1, MB) as the matrix, in the 
presence of NaL and Xenon as the gas. Anhydrous DCM, 1,2-DCE and Et 2 0, sold on 
molecular sieves were used as such. 4 A powder molecular sieves was kept at 100°C and 
activated before use by pumping under heating at 250°C 

Dodecyl 3,4 t 6-tri-0-acifyl-2-deoxy-l-thio-2-tiichIoroacetamido-P-D-glucopyranoside(5). 
A mixture of the peracetyktcd 4 (6.2 g f 12.5 pmol) and dodecanlhiol (2.5 mL, 94 pmol), 4A 
molecular sieves and dry 1,2-DCE (90 mL) was stirred for 1 h then cooled to 0°C. BF>.Et 2 0 
(1.57 mL, 12.5 pnol) was added. The stirred mixture was allowed to reach rt in 2h30. Et3N 
was added until neutral pH and the mixture filtered. After evaporation, the residue was eluted 
from a column of silica gel with 2:1 cyclohexane-EtOAo to give 5 as a white solid (7.S & 93 
%); [a] D -20* (c 1, CHCb). l H NMR (CDCb):8 6.82 (d, 1H, J 2m « 9.2 Hz, NH), 5.31 (dd, 
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1H, Ju - 9.9 Hz, J„ » 9.6 Hz, H-3), 5.15 (dd, 1H, J<, s = 9.6 Hz, H-4), 4.68 (d, 1H, J Xi - 
10.3 Hz, H-l), 4.28 (dd, 1H. J SM «= 5.0 Hz, » 12.3 Hz, H-6a), 4.17 (dd, IH, J SJSt - 2.3 
Hz, H-6b), 4.11 (dd, 1H, H-2), 3.75 (m, 1H, H-5). 2.70 (m, 2H, SCff 2 (CH,)toCHj), 2.10, 
2.05, 2.04 (3s, 9H, OAc), 1.65-150 (m, 20H, SCH 2 (Cft)ioCH 3 ), 0.90 (t, 3H, 
SCH^CHiVCtfj). ,J C NMR (CDCI 3 ):3 171.0, 170.7, 169.3 (O=0), 161.9 (OOCClj), 92.3 
(CCli), 84.2 (C-l). 76.5 (C-5), 73.4 (C-3), 68.6 (C-4), 62.6 (C-6), 555 (C-2), 32.3, 30.6, 
30.0-29.1, 14.5 (S(CH2)nCHi), 21.1, 21.0, 20.9 (OAo). FABMS of CmHuCUNCS (M. 
635.0), m/z 658.1 [M+Na]*. Anal Calcd for C 16 H, 2 ClaNO g S, C: 49.17, H: 6.67, N: 251. 
Found C: 49.16. H: 6.71, N: 2.13. 



Dodecy) 2-deoxy-4,6-0-isopropyIidene-l-thio-2-tricbloroacctamido-P-D-glucopyrano»ide 
(7). 

A mixture of 5 (5 g, 7.87 mmol) in MeOH (15 mL) was deacetylaled by MeONa overnight 
The solution was neutralized by 1R 120 (H*) and Filtrated. After concentration in vacuo, the 
residue 6 was treated by 2,2-dimethoxypropane (70 mL, 546 mmol) and APTS (148 mg, 0.94 
mmol) in DMF (20 mL). After stirring overnight, the mixture was neutralized with EfeN and 
concentrated. The residue was eluted from a column of silica gel with 3:1 cyclohexane-EtOAc 
to give 7 as a white solid (3.45 g, 80 %); [a] D -35° (c 1, CHCb). 

'H NMR (CDCU):S 6.92 (d, 1H, » 8.0 Hz, NH). 4.77 (d, IH, J u - 10.4 Hz, H-l), 3.98 
(m, 1H, Jij - J 3A = 9.2 Hz, H-3), 3.88 (dd, IH, J ifii = 5.4 Hz, J wi = 10.8 Hz, H-6a), 3.70 
(dd, IH, Jjj( b - 0.5 Hz, H-6b), 3.63 (m, 1H, H-2), 3.53 (dd, IH, Ja A = 9.2 Hz, H-4), 359 (m, 
1H, H-5), 2.98 (s, IH, OH), 2.60 (m, 2H, SCfltfCHOioCH,). 1.60-1.10 (m, 20H, 
SCHttCHiUCOi), 1.45, 1.35 (2 s, 6H, C(CHj)0, 0.80 (t, 3H, SCHrfCHOioCifc). 53 CNMR 
(CDC1,):5 162.5 (OOCC13), 100.3 (C(CH,),), 92.8 (CCU), 84.0 (C-l), 74.6 (C-4), 72.3 (C- 
3). 71.7 (C-5), 625 (C-6), 58.3 (C-2), 29.3, 19.5 (C(Oij) a ), 32.3. 30.8, 30.1-29.5, 29.1, 14.5 
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(SCHa(CH,), 0 CaEIj). FABMS of CjjHwCfcNOjS (M, 548.9), m/z 572Ji [M+Na]*. Anal Calod 
for C»jH«iCfeNQ,S, C: 50.32, H: 7.34, N: 2.55. Found C: 50.30, H: 7.40, N: 2.36. 

Dodccyl 3-0-accty!-2-deoxy-4,6-0-isopropyHdene-l-thio-2-trichloroacctamWo-P-D- 
glucopyranoside (8). 

A mixture of 7 (1.07 g, 1.94 mmol) in pyridine (10 mL) was cooled to 0°C. Ac 2 0 (S mL) was 
added and the solution was allowed to reach rt in 2 h. The mixture was then concentrated and 
the pyridine coevapo rated with toluene. The residue was elated from a column of silica gel 
with 6:1 cyclohexane-EtOAc with 0.2% of Et 3 N to give 8 as a white solid (1.12 g, 97 %), [a] D 
-62 0 (cl,CHCl3) 

'H NMR (CDCU):8 7.51 (d, 1H, J im = 9.7 Hz, NH), 5.40 (dd. 1H, Ji. } = Ji.* = 10.0 Hz, H-3), 
4.62 (d, IH, A, « 10.4 Hz, H-l), 450 (m, 1H, H-2), 4.01 (dd, 1H, J SM - 5.2 Hz, J tofi > - 10.7 
Hz, H-6a), 3.84 (dd, 1H, J* A - 9.7 Hz, H-4), 3.70 (m, 2H. H-5, H-6b), 2.68 (m, 2H, 
SCfliCCH^oCHj), 2.09 (s, 3H, OAc), 1.60-1.20 (m, 20H, SCH2(Cfli)„CHj), 1-52. 1.38 (2 s. 
6H, C(CH,)a), 0.90 (t, 3H, SCH^CHOioCft). W C NMR (CDC1 3 ):S 171.4 (OOCH,), 161.8 
(COCCB), 99.5 (0(01,)^, 92.3 (CCfa), 84.6 (C-l), 73.6 (C-3), 72.0 (C-4), 71.9 (C-5), 62.2 
(C-6), 55.0 (C-2), 29.1, 19.3 (C(CH 3 ) 3 ), 32.3, 30.7, 30.0-29.0, 14.5 (SCH 2 (CH 2 )i„CH»). 
FABMS of CjsH^jCliNOoS (M, 591.0), m/z 614.1 [M+Na] + . Anal. Calcd for CkH,jC1jN0 6 S, 
C: 50.80, H: 7.16, N: 2.37. Found C: 50.67, H: 7.32, N: 2.24. 

3,4-Dl-0-acetyM,2-0-allyloxyethylidcne-P-L-rhamnopyranose (12). A mixture of L- 
rhamnosa monohydrate (50 g, 274 mmol) in pyridine (410 mL) was cooled to 0°C. AcjO (170 
mL) was added and die solution was allowed to reach rt overnight. MeOH (100 mL) was 
added and the solution concentrated. The resulting suspension was taken up in DCM, washed 
with water, satd aq NaHC0 3 , water, and satd aq NaCl, successively. The organic layer was 
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dried and concentrated to give the crude peracetylated rhamnose (quant,) as a slightly yellow 
ok A solution of latter (21 ,15 g, 63,7 mmol) in acetic acid (3S mL) and acetic anhydride (6.7 
mL) was treated by a 33% solution of HBr in AcOH (86 mL), then stirred for 15 h at rt. The 
mixture was concentrated by repeated coevaporation with cyclohexane. The resulting 
suspension was taken up in DCM, washed with satd aq NaHC0 3 and water. The organic layer 
was dried and concentrated to give 11 (quant) as a brown oil. A solution of the crude 11 
(22.29 g) in anhydrous 2,6-hrtidinc (37 mL) was treated by AliOH (9.6 mL, 142 mmol) at rt 
The solution was Stored overnight, then filtered and the solids were washed with EtOAc, The 
liquid layer was concentrated and the residue was taken up in DCM, washed with 1M HC1 cold 
solution, water and satd aq NaCL The organic layer was dried and concentrated by 
coevaporation with toluene. Chromatography of the crude residue (toluene:acetone, 49:1 
containing 0.1% EfeN) gave orthoester 12 (18.5 g, 88%) as a slightly yellow oil which 
crystallized on standing. An analytical sample was recristallized from isopropyl ether :petroleum 
ether; mp XX°C, [o] 0 -XX 0 (c 1, CHCfe); 'HNMR (CDCW* 5.88 (m, 1H, All), 5.42 (d, 1H, 
Ju 83 2.3 Hz, H-l), 5.25-5.40 (m, 2H, All), 5.10 (dd, 1H, J u - 3.3 Hz, H-3), 5.05 (dd, 1ft 
X* = 6.3 Hz, H-4), 4.60 (dd, 1H, H-2), 4.05 (m, 2H, All), 3.50 (qd, 1H, J, t9 « 6.2 Hz, H-5), 
2.12, 2.06 (2s, 6H, OAc), 1,76 (s, 3H, CH 3 ), 1.23 (d, 3H, H-6); n C NMR (CDCtyS 171.4 
(C=OCH& 161.8 (C~OCCU), 99.5 (C(CHfr) t 92 J (CC10. 84.6 (C-l). 73.6 (C-3), 72.0 (& 
4), 71.9 f&5>, 612 rC0, 55.0 (C-2), 29.1. 193 (C(CH^ 32.3, 30.7. 30.0-29.0, 14.5 
(SCH 2 (CHi) t0 CHd. FABMSofC^Cl^NOcS (H 59L0) m/z 614.1 [M+Na]\ Anal Calcd 
for CuHvONOA C: 50.80, H: 7.16 t N: 2.37. Found C: 50.67 % H: 7.32, N: 2.24. 

a^-Di-O-bcnzyl-lj^O-aifyloxyethyHdcne-P-L-rhamnopyranose (14). A solution of the 
crude peracetylated rhamnose (9.0 g, 27 mmol) was processed as described for the preparation 
of 12. A solution of the crude 12 thus obtained in MeOH (65 mL) was cooled to 0°C and 

4 



LMPP1 J^ajytstevct-pentrtl ock 



CA 024346 3S £003-07-01 



treated with NHj untQ saturation. The solution was stirred for 6 h at rt, then concentrated by 
co-evaporation with toluene to give 13. Column chromatography (DCM:MeOH, 49:1) gave 
pure 13 as a white solid. 'H NMR (CDOj):6 5.75 (m, 1H, Att), 5.22 (d, 1H, H-l), 5.00-5.10 
(m, 2H, All), 4.60 (dd, 1H, H-2), 4,30 (d, 1H, H-3), 3.80 (m, 2H, AD). 3.50 (m, 1H, H-5), 
3.20 (t, 1H, H-4), 1.80 (s, 3H, CH,), UO (d, 3H, J sf , = 6.2 Hz, H-6). 
A solution of crude 13 in anhydrous DMF (90 mL) was cooled to 0°C. NaH (4.32 g, 108 
mmol) was added in 30 nun then EnBr (8.5 mL, 71 mmol) was added dropwise at 0°C. The 
solution was stirred overnight at rt, then MeOH (20 mL) was added dropwise at 0°C. The 
solution was allowed to reach rt in 2 h, then concentrated. The residue was taken up in DCM. 
washed with satd aq NaHCO, until neutral pH, water and satd aq NaCL The organic layer was 
dried and concentrated. After evaporation, the residue was cluted from a column of silica gel 
with 9:1 cyclohexane-EtOAc and 0.2 % of Et,N to give 14 as a white solid (8 g, 70%). 
Crystallization of an analytical sample from isopropyl ethenpetroleum ether gave 13 as white 
crystals; mp XX°C, [a] D XX° (c I, CHC1,); J H NMR (CDClj):S 7.35 (m, 10H. Ph), 5.90 (m, 
1H, All), 5.30 (d, 1H, J u = 2.2 Hz, H-l), 5.28-5.43 (m, 2H, AO), 4.95-4.65 (m, 4H, CHjPh), 
4.40 (dd, 1H, 4, = 4.0 Hz, H-2), 4.10 (m, 2H, AU), 3.70 (d, 1H, J iA - 9.0 Hz, H-3), 3.50 (t, 
1H, A, = 9.0 Hz, H-4), 3.35 (m, 1H, J Sfi - 6.2 Hz, H-5), 1.77 (s, 3H, CH,), 1.33 (d, 3H, H- 
6); "C NMR (CDCl&S 171.4 (C=OCH}). 161.8 (C=OCC13). 99.5 (C(CHs)t), 92.3 (CCl,). 
84.6 (CI). 73.6 (C-3). 710 (C-4). 71.9 (C-S). 62.2 (C6). 55.0 (C~2), 29.1, 19.3 (CfCHM 
32.3, 30.7, 30.0-29.0. 14.5 (SOfrfCIfytaCHJ. FABMS of C 3S H„ChNOtS (M, 591.0) m/z 
614.1 [M+Naf. Anal Calcdfor CtBtiCWOA C: 50.80. H: 7.16. N: 2.37. Found C: 
50.67, H: 7.32. N: 2.24 

AUyl 2-0-aceryl 3,4-Di-C-bcnzyI-P-L-rhamnopyranoside (15). A mixture of the orthoester 
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H-5), 3,43 (pt, 1H, H-4), 2.80 (m, 4H, lev) r 2.19 (s, 3H, Ac), 1.37 (d, 3H, H-6). U C NMR 
(CDCfe): 8 124.0-125.1 (Ph), 118.0 (AD), 97.0 (C-l), 80.2 (C-4), 78.5 (C-3), 75.2 (CH 2 Ph), 
72 ; 0 (CH 2 Ph), 70.2 (C-2), 68.5 (All ), 68.3 (C-5), 38.5 (Lev), 31.5 (Ac), 28.5 (lev), 20.1 (C- 
«). 



3,4-Di-0-b wi?yI-2-Mcvulinoyl-a-L-rhamnopyranose (18). 1 ,5-Cycboctadiene- 
bis(methyldipbenylphosphinfi)iridium hexafluoropbosphate (25 mg, 20 praol) was dissolved 
THF (? mL), and the resulting red solution was degassed in an argon stream. Hydrogen was 
then bubbled through the solution, causing the colour to change to yellow. The solution was 
then degassed again in an argon stream. A solution of 17 (1.4 g, 3.12 mrool) intetrahydrofuran 
(? mL) was degassed and added. The mixture was stirred at rt overnight, then concentrated to 
dryness. The residue was dissolved in a solution of h (137 g, 5.4 mmol) in 30 mL of 
THF/H3O (15:4). The mixture was stirred at rt for 1 h and THF was evaporated. The resulting 
suspension was taken up in DCM, washed twice with water, satd aq NaHS03, water, satd aq 
NaHC03, water and satd aq NaCI, successively. The organic layer was dried and concentrated. 
The residue was eluted from a column of silica gel with 7:3 to 6:4 cyclohexane-EtOAo to give 
the corresponding hemiacetal 1* (1.3 g, 93 %). *H NMR (CDCfe): ! H S 7.3-7.4 (m, 10H, Ph), 
5.40 (dq, 1H, J ltl = 1.8, Ja.3 - 3.4 Hz, H-2 ), 4.93 (d, 1H, CH 7 Ph), 4.78 (d, 1H, J u - 1.6 Hz, 
H-l), 4.78 (d, 1H, CHJPh), 4.63 (d, 1H, CH*Ph), 4.51 (d, 1H, CHaPh), 3.99 (m, 1H, ./ 3 . 4 « 9.5 
Hz, H-3), 3.78 (dq, 1H, J*, s = 9.5, J $t$ = 6.2 Hz, H-5), 3.43 (pt, 1H, H-4), 2.80 (m, 4H, lev ), 
2.19 (s, 3H, Ac), 137 (d, 3H, H-6). 



3,4-Di-G-ben2yt-2-0-IcvuIinoyl-a-L-rhamnopyranosyl tricfcloroaeetimldate (19). 
Trichloroacetonitrile (1,3 mL, 13 mmol) and DBU (51 ^L, 0.3 mmol) were added to a solution 
of the residue 18 (1.0 g, 2.3 mmol) in anhydrous DCM (6 mL) at 0°C, After 2 h, the mixture 
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was concentrated. The residue was ehited from a column of silica gel with 3:1 cyclohexane- 
EtOAo and 0.2 % Et,N to give 19 as a white foam (1.0 g, 95 %); [afc XX° (e I, CHCI,). l H 
NMR(CDCU): 'H 8 6.67 (s, 1H, NH ), 7.3-7.4 (m, 10H, Ph), 6.19 (d, 1H, J u - 1-9 Hz, H-l), 
5.48 (dd^ 1H, J X3 = 2.0, Ji,, = 3.3 Hz, H-2 ), 4.95 (d, 1H, CHjPh), 4.73 (d, 1H, CHiPh), 4.66 
(d, 1H, CHjPh), 4.58 (d, 1H, CHiPh), 4.51 (d, 1H, CH a Ph), 4.00 (dd, 1H, J» = 9.5 Hz, H-3), 
3.95 (dq, 1H, Ji.s = 9.6. 7 5 ,« = 6.3 Hz, H-S), 3.52 (pt, 1H, H-4), 2.80 (m, 4H, lev), 2.20 (s, 3H. 
Ac), 1.36(d,3H,H-6). 

Attyl (2-0-levnliaoyl-3,4-di-0-beiizyl-a-L'rhamnopyranoeyI)-(l-^^)-l2|3,4,6-tetrfl-0- 
benzyl-a-D-glucopyranosyl-(l-»4)]-2-0-benzoyI-a-nrhamnopyranogidc (22). A mixture 
of alcohol 21 (300 mg, 0.36 ramol) and imidate 19 (320 mg, 0.54 mmol) in anhydrous EtjO 
(20 mL) was stirred for 15 min under dry Ar. After cooling at -75°C, MejSiOTf (13 uL, 70 
(imol) was added dropwise and the mixture was stitred 3 h. Triethylamine (60 pL) was added 
and the mixture was concentrated. The residue was ehited from a column, of silica gel with 9: 1 
cycIohexane-EtOAo to give 22 (440 mg, 92 %) as a colorless foam; [oJ D XX s (c I, CHCIj). 'H 
NMR (CDC1,):8 7. 1-8.1 (m, 35H, Ph), 5.95 (m, 1H, All), 5.73 (dd, 1H, Ju - 22, J 7 j - 2.3 
Hz, H-2 B ), 5.43 (dd, 1H, J u - 2.0 Hz, Jb - 3.0 Hz, H-2 C ), 5.30 (m, 2H, All), 508 (d, 1H, J ia 
= 3.2 Hz, H-1e), 5.03 (d, 1H, J I|2 « 1.7 Hz, H-1 B ), 4.97 (d, 1H, J w - 1.9 Hz, H-l c ), 4J0-5.00 
(in, 12H, CHiPh), 4.20 (ra, 2H, AO, H-3 C ), 4.05 (m, 3H, AH, H-3 E , 5e), 3.98 (m, IH, H-6a B ), 
3.81 (m, 5H, H-3 B , 4c, 4 e , 5 c , 6b), 3.69 (dq, 1H, J<* = 9.3, J SJ s » 6.0 Hz, H-5 B ), 3.52 (dd, 1H, 
Ji,j • 9.7 Hz, H-2e), 3.29 (dd, 1H, Jj.« - J« - 9.4 Hz, H-4b), 2.71 (m, 4H, Lev), (s, 3H, Ac), 
1.40 (d, 3H, H-6 C ), 1.01 (d, 3H, H-6a). 



Allyl (3,4-dl-0-benryl-a-LFrhamnopyrnnosyl)-(l->3)-[2^,4,6-tetra.O-benzyl-a-D. 
glucopyranosyl-(l-»4)l-2-0-benzoyl-a-iy-rhamnopyn»noside (23). The trisaccharide 22 
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(200 mg, 0.16 dbqoI) was treated with 0.4 mL of a solution 1M of hydrazine (100 mg) diluted 
in a mixture of pyridine (1.6 mL) and acetic acid (0.4 mL) at rt. The solution was stirred 
during 20 min. Acetone (1.2 mL) was added and tho solution was concentrated. The residue 
was eluted from a column of silica gel with 98.5: 1.5 Dichloromethane-AcOEt to give 23 (174 
mg, 92 %) as a loam; [a] D +14° (c 1, CHClj); 'H NMR (CDC1,):8 7.05-8.10 (m, 35H, Ph). 
5.82 (m, 1H, All), 5.25 (dd, 1H, J u = 1.7 Hz, J v *> 3.1 Hz, H-2 C ), 5.19 (m, 2H, All), 5.00 (d, 
1H, 3.1 Hz, H-1b), 4.87 (d, 1H, J u « 1.8 Hz, H-l B ) t 4.81 (d, 1H, H-l c ), 4.35-4.90 (m, 
12H, CfliPh), 4.00-4.20 (m, 2H, All), 4.10 (dd, 1H, J 3 ,<= 8.5 Hz, H-3c), 4.09 (dd, 1H, / M » 
3.2 Hz, H-2 B ), 3.95 (m, 1H, J*., - 9 J Hz, H-5 B ). 3.92 (dd, 1H, J M - 9 .5 Hz, - 9.5 Hz, H- 
3 B ), 3.78 (m. 1H, 7 5 . 6 = 6.0 Hz, H-5 C ), 3.70 (m, 1H, H-4 C ), 3.58-3.62 (m, 2H, H-6 aE) 61*), 
3.59 (m, 1H, J«. s = 9.0 Hz, J Sfi = 6.2 Hz, H-5b), 3.54 (dd, 1H, H-4g), 3.48 (dd, 1H, J u - 8.5 
Hz, H-3 B ). 3.45 (dd, 1H, H-20, 3.31 (dd, 1H, H-4 B ), 2.68 (d, 1H, 7^=2.3 Hz, O-H), 1.29 
(d, 3H, H-6 C ), 1.09 (d, 3H, H-6 B ). U C NMR (CDCW:S 166.2 (CO), 118.2-137.5 (Ph, AH), 
103.1 (C-1 B ), 98.5 (C-1 E ), 96.6 (C-lc), 82.1 (C-3 B ), 81.4 (C-2e), 80.4 (C-4 B ), 79.7 (C-3 B ), 
79.4 (C-4c), 78.9 (C3 C ), 78.1 (0-4,=), 76.0, 75.5, 74.5, 74.2, 73.6, 72.1 (CHjPh), 73.7 (C- 
2c), 68.9 (C-6e), 68.8 (C-5a), 68.7 (AH, C-5,0. 68.1 (C-5 C ), 19.1 (C-6 C ), 18.2 (C-6 8 ). FABMS 
of C 7 oH 7 60,j (M, 1156.5), mfz 1179.5 ([M+Na]*). Anal Calcd for C»H7 S 0 1S : C, 72.64; H, 
6.62. Found C, 72.49; H, 6.80. 

AUv ' (3-0-acelyI-4,6-0-isopropytidcn e-2-trichloroacetamido-2-deoxy-p-D- 

gtaeopyranojylHl-*2)-(3,4-di-0-benzyl-a-wha^^ 

c*-whamnopyxanosyD-(1^3M2j3,4,6-tetra-0-beiizy^^ 

benioyl-a-b-rhamnopyranoKide (26). A mfarture of the donor 8 (294 mg, 357 umol) and die 
acceptor 25 (313 mg, 211 umol), 4A molecular sieves and dry DCM (4 mL) was stined for 
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1.5 h then cooled to -15 a C. MIS (94 xng, 0.42 mmol) and Ttiflic acid (8 uL, 0.1 mmo!) were 
successively added. The stined mixture was allowed to teach 0°C in 1.5 h. Et s N (25 yL) was 
added and the mixture filtered. After evaporation, the residue was eluted from a column of 
silica gel with 6:1 cyclohexane-EtOAc and 0.5 % of EtjN to give 26 as a white foam (232 mg, 
58 %); [ok -2« (c 1, CHC1 3 ); 'H NMR (CDC1,): 'H 8 7.00-8.00 (m, 4SH, Ph), 6.81 (d, IH, 
j liSH = 9.O Hz, NHd), 5.82 (m, IH, All), 5.30 (dd, 1H, J x2 = 1.0, J v = 3.0 Hz, H-2c), 5.10- 
5.23 (m, 2H, All). 4.96 (bs, 1H, H-1a), 4.91 (d, IH, - 3.1 Hz, H-1 B ), 4.87 (d, IH, J,j = 
1.6 Kz, H-l*), 4.84 (bs, IH, H-lc), 4.79 (dd, IH, J» » = 10.0Hz, H-3 0 ), 4.35 (d, IH. H- 
1 D ), 4.34 (dd, IH, H-2 B ), 4.20-4.80 (m, 16H, ClfePh), 4.00 (dd, IH, H-2*), 3.90 (dd, IH, H- 
2d), 2.90-4.10 (m, 22H, All, H-2 3 , 3 A , 3 B , 3c, 3 B , 4 A , 4 B , 4c, 4 0 , 4e, 5 a , 5 b , 5 c , 5b, 5 E , 6ao, 6bo, 
6as, 6bB), 1-93 (s, 3H, OAc), 1.2-0.9 (m, 1SH, C(CH,)„ H-6* 6b, 6c). "C NMR (CDCfe):8 
170.7, 165.5, 161.7 (C=0), 138.4-117.3 (Ph, All), 101.7 (C-b), 100.8 (C-l B )» 100.6 (C-l*). 
99.5 (0(01,),), 97.9 (C-l E ), 95.7 (C-lc), 92.0 (CO,). 82.2. 81.7, 81.6, 80.3, 79.9, 78.8, 77.9, 
77.9, 76.6, 76.0, 75.8, 75.4, 75.1, 74.7, 74.3, 74.1, 73.3, 72.8, 72.6, 71.9, 71.5, 70.8, 69.0, 
68.8, 68J, 68.0, 67.8, 62.0, 56.7 (C-2 D ), 28.6 (C(CH,)a), 21.3 (OAc), 19.4 (C(CH,),). 19.0. 
18.5, 18.4 (3C, C-6a, 6b, 6c). FABMS of CwjHimOjNOjs (M, 1872.3), mfz 1894.6 [M+Na] + . 
AnaL Calcd for C l0j H, M Cl3NO«, C 66.07, H: 6.14, N: 0.75. Found C: 66.08, H: 6.09, N: 
0.81. 

AOyl (2-acetamido-4,6-0-feopropyHdene-2-deoxy-M'g^ 

beMyl-a-Urhamnopyr»nosyl)-(l--»2)-(3,4-dU^^ 

{2,3,4,6-tetra-0-bciiayi<uD-glucopyranQ8yHl-*4)^ 

(2). The pentasaccharide X (2.65 g, 1.47 mmol) was dissolved in MeOH (20 mL). MeONa 
was added until pH=10. The mixture was stined for 25 min then treated by IR. 120 (H*) until 
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gel with 2:1 Cydohexsne-AoOEt and 0.2 % of Bt,N to give 1 as a whit* feam (1.99 g, 94 %); 

[a] D+l 0 .(cl,CHCW. 

(b) A mixture of 26 (144 mg, 0.06 rami), Bu 3 SnH (0.1 mL, 0.37 mtnol) and AIBN (10 mg) in 
dry toluene (3 mL) was stirred for 1 h at it under a stream of dry Ar, then was heated for 1.S 
h at 90°C, cooled and concentrated. The residue was eluted from a column of silica gel with 
2:1 cyclohexanc-EtOAc and 0.2 % of EtiN to give 1 (100 mg, 74 %). *H NMR (CDCU): 8 
6.95-8.00 (m, 45H. Ph), 5.82 (ro, 1H, All). 5.46 (d, 1H, J^k - 8.0 Hz, NHo), 5.29 (dd, 1H, 
Jw 83 ■ 3.0 Hz, H-2 C ), 5.11-5.25 (m, 2H, All), 5.00 (bs, 1H, H-1 A ), 4.90 (d, 1H, = 
3.1 Hz,H-l E ),4.85(d, 1H„A.i= 1.6 Hz, H-1 B ), 4.83 (bs, 1H, H-l c ), 4.70 (dd, 1H,Jm=J,.« = 
10.0 Hz. H-3 0 ), 4.44 (d, IH, H-1 B ), 4.34 (dd, 1H, H-2 B ), 4.20-4.80 (m, 16H, OfePh), 4.02 
(dd, 1H, H-2a), 3.37 (dd, 1H, H-2 E ), 2.90-4.10 (m, 21H, Ail. H-2 D , 3 A , 3 8 , 3 C , 3 E , 4*. 4b, 4e, 
4d. 4 e , 5 a , Sb, 5c 5* 5 E , 6ao, 6dd, 6a& 61*), 1.92 (s, 3H, OAo), 1.57 (s. 3H, AcNH), 1.27- 
0.90 (m, 15H, C(CHj) 2 , H-6 A , 6 B , 6 C ). "C S 171.3, 170.3, 166.2 (OO), 138.7-117.9 (Ph, An), 
103.9 (C-1 D ), 101.5 (C-l B ), 101.4 (C-U). 99.9 (OCCHj)*). 98.5 (C-1 B ), 96.3 (C-l c ), 82.1, 
81.7, 81.6. 803, 80.1, 78.8, 78.1, 77.8, 76.0, 75.8, 75.3, 75.1, 74.7, 74.2, 73.6, 73.3, 72.7, 
71.9, 71.4, 70.8, 69.0, 68.8, 68.7, 68.4, 68.1, 67.8, 62.1, 55.0 (C-2 D ), 30.0 (C(CHj),), 23.5 
(AcNH). 21.6 (OAc), 19.2 (C(CHi)a). 19.0, 18.3, 18.2 (3C, C-6*, 6b, 6c). FAB-MS for 
QosHiuNOa (M - 1769.0) m/z 1791 .9 [M + Naf. AnaL Calcd. for C,o,HmNOa : C, 69.93 ; 
H, 6.67 ; N, 0.79. Found C, 69.77; H, 6.84; N, 0.72. 

(2-acetamtdo-3-0-aeetyI-4,6-0-itopropyHdene-2-deoxy-p-D-glucopyranosyl)-(l->2)-(3,4- 
di-0-benzyl-a-L-rhamnopynino8yI)-(l-»2)-(3,4-di-0-benzyt-a-L-rhamnopyranosyl)-(l-+ 
3)- [2 ,3,4,6-tctra- 0-beuzyI-a-D-ghi copy ranosy l-(l->4) -]-2- 0-benzoyl-a-L- 
rhamnopyranosyl trichloroacctimidate (3). 1,5-Cyclooctadiene- 

bis(me%ld^henylphosphine)iridium bsxafluorophosphaie (50 mg, 58 pmol) was dissolved 

; 12 
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Synthesis of spacer-armed hexa-, deca-, and pentasaccharide haptens representative of 
the O-spcdfic polysaccharide of Shigella flexneri serotype 2a 1 

This paper discloses total synthesis of fully defined oligomeric repeating unit glycosides 
mimicking' the branched bacterial O-SPs in the £ flexneri series. The strategy disclosed herein 
gives access to extended fragments of the O-SP of & flexneri serotype 2a in a spacer-armed 
form suitable for immunological studies* Indeed, amounts required for the synthesis of fully 
synthetic oligosaccharide conjugates as potential vaccines targeting S, flexneri 2a infection 
were made available 
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Synthesis of spacer-armed hexa-, deea-, and pentasaccharide haptens representative of 
the O-spccific polysaccharide of Shigella flexneri serotype 2a 1 



Abstract 



INTRODUCTION 

Shigellosis or bacillary dysentery is a serious infectious disease, responsible for some 
200 million episodes annually, mostly in children and immunocompromised individuals living 
in areas were sanitary conditions are insufficient. 2 Of the four species ofShigellae, Shigella 
Jlexneri is the major responsible of the endemic form of the disease, 'with serotype 2a being 
the most prevalent Due to increasing resistance of all groups ofShigellae to antibiotics, 3 the 
development of a vaccine against shigellosis is of high priority as stated by the World Health 
Organization in its program against enteric diseases, 4 However, there are yet no licensed 
vaccines for shigellosis. 

As for other Gram negative bacteria. Shigella's lipopolysaccharide (LPS) is a major 
surface antigen of the bacterium. The corresponding O-specific polysaccharide (0*SP) f a 
polymer of less than 30 kDa, defines the serogroup and serotype of the bacteria. Besides, it is 
both an essential virulence fector and the target of the infected host's protective immune 
response. s * However, O-SPs are T-cell independent antigens, 7 * which are not immunogenic 
by themselves. Nevertheless, benefiting from the successful conversion of bacterial capsular 
polysaccharides from T-independenl antigens to T-dependent ones through their covalent 
coupling to a protein carrier, it was shown that O-SPs could be turned into immunogens. 
Indeed, based on the former hypothesis that serum IgQ anti-LPS antibodies may confer 
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specific protection against shigellosis, 1 several polysaccharide-proteine conjugates, targeting 
either Shigella sonnet, Shigella dysenteriae I or & Jlexneri serotype 2a, were shown to be safe 
and immunogenic in humans, mi In the case of S. sonnet, recent field trials allowed IB. 
Robbins and co-workers to demonstrate the efficacy of a vacoine made of the corresponding 
detoxified LPS covalently linked to recombinant apoprotein A, i2 Even though efficient, 
polysaccharide-protein conjugate vaccines remain highly complex structures, whose 
immunogenichy depends of several parameters amongst which, the length and nature of the 
saccharide component as well as its loading on the protein. It is reasonably admitted that 
control of these parameters, and indeed standardization, are somewhat difficult when dealing 
with polysaccharides purified from bacterial cell cultures, or ftagments thereof resulting torn 
their partfcj hydrolysis. Mixture are often obtained, which may become a real drawback in 
terms of ajnalysis of the products, particularly when multivalent vaccines are needed, as in the 
case of shigellosis. It may be assumed that the use of well-defined synthetic oligosaccharides 
suitable for single-point attachment on to the carrier would allow a better control, and 
consequently the optimisation, of the above mentioned parameters, That low molecular 
weight oligosaccharides mimicking antigenic determinants were immunogenic when 
conjugated onto a protein carrier was demonstrated in the late 30s, J3 ' M and since then 
exploited?on several occasions, 15 Indeed, available data on & dysenteriae type 1 indicate that 
neoglycoconjugates incorporating di-, tri- or tctramers of the O-SP repeating unit were more 
immunogenic than a detoxified LPS-huinan serum albumin conjugate of reference. 16 In the 
case of heteropolysaccharides, oligosaccharides made of at least two contiguous repeating 
units were originally considered to be necessary for the corresponding oligosaccharide-protein 
conjugates to induce anti-polysaccharide antibodies, 17 However, more recent data 
demonstrated that neogiycoproteins incorporating oligosaccharides comprising one repeating 
unit or smaller fragments were immunogenic in mice. IW9 Along this line, we recently 
reported the synthesis of three fully synthetic giycopeptides as potential vaccines against 
Shigella Jlexneri 2a infection. 20 These incorporated short oligosaccharide haptens, 
representative either of part or of the whole repeating unit of the O-SP of & Jlexneri serotype 
2a. Preliminary data indicate that two out of the three conjugates are immunogenic in 
mice.(Phalipon et ai, unpublished results) Besides, we found that the corresponding 
neogiycoproteins consisting of the oligosaccharides covalently linked to tetanus toxoid via 
single-point attachment were also immunogenic in mice,(Pha!ipon et al, unpublished results) 

Parallel studies on the recognition of synthetic ftagments of the O-SP by protective 
homologous monoclonal antibodies suggested that sequences larger than one repeating unit 
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were more antigenic, thus probably better mimicking the natural polysaccharide than shorter 
ones. 21 Indeed, it is anticipated that better mimics of the O-SP, in terms of both antigenicity 
and conformation, would lead to conjugates of higher immunogenicity. For that reason, the 
preparation of oligo- or polysaccharides? 2 made of two repeating units or more, in a form 
suitable for conjugation onto a carrier, was undertaken, 

RESULTS AND DISCUSSION 

A B E C D 

2)-a-L-Rh^<1^2)^-L^^ 

I 

The O-SP of & flexneh 2a is a branched hcteropo Ly saccharide defined by the pentasaccharide 
repeating unit 1. 2W It features a linear tetrasaccharide backbone, which is common to all £ 
flexneri O-SPs and comprises a ^-acetyl glucosamine (D) and three rhanmose residues (A, B, 
C). The specificity of the serotype is associated to the a-D-glucopyranose residue linked to 
position 4 of rbamnose C. 

Evaluation of the antigenicity of a panel of di- to pentasaccharides representative of 
frame-shifted fragments of I, had pointed out that the ECD portion was the minimal sequence 
required for binding, and that the B(E)C ramification had a great impact on the recognition 
process. 25 Based on theses data, we described recently the synthesis of the ECD, B(E)CD 
and AB(E)CD fragments fimctionalized with an aminoethyl spacer at their reducing end, and 
demonstrated that the later could serve as a suitable anchoring point. 20 As stated above, 
subsequent work outlined the impact of chain elongation on the recognition process. Taking 
both sets of data into account, we report herein on the synthesis of the 2-aminoethyl 
glycosides of a deca- (1) and a pentadecasaccharide (2), corresponding to sequences 
[AB(E)CD] 2 and [AB(E)CD] 3 , respectively. The corresponding D'AB(E)CD hexasaccharide 
(3) was used as a modeL 

Considering the target 1 and 2, a disconnection at the D- A linkage would appear most 
appropriate. However, others have shown that such a disconnection strategy was not suitable 
even when involving di- or trisaccharide building blocks, 26,27 and this route was avoided. 
More recently, disconnections at the A-B, B-C and C-D linkages were evaluated in this 
laboratory when synthesizing successfully the methyl glycoside of the frame-shifted 
decasaccharide D'A'B'(E»)C'DAB(E)C by condensing a chain terminator pentasaccharide 



3 



LMPPMifceo-fovcnynlojigi 



GA. 02434683 2003-07-04 



donor and a methyl glycoside pentasaccharide acceptor. 21 It was demonstrated on that 
occasion that disconnection at the C-D linkage was indeed appropriate for the construction of 
large fragments of the S. Jkxneri 2a O-SP. Based on our experience in the field, a blockwise 
strategy to targets 1 and 2, implicating a OAB(£)C potential acceptor acting as a donor, an 
AB(E)C tetrasaccharide donor, and the recently disclosed acceptor XX U as a precursor to the 
spacer-aimed D residue (Scheme I), Although permanent blocking of OH-4 D and OH-6d with 
an isopropylidene acetal may appear somewhat unusual, this choice was a key feature of the 
strategy. It was based on former observations in the methyl glycoside series, demonstrating 
that its use could overcome some of the known drawbacks of the corresponding benzylidene 
acetal, avo including its poor solubility. Compound XX was readily obtained from the known 
triacetate XX 31 (81%), by transesterification and subsequent treatment with 2,2- 
dimethoxypropane. 

Synthesis of the hexasaccharlde 3 (Scheme 2): In a preliminary study towards the 
target 3, the DAB(E)C building block bearing the required acetatnido function at position 2d 
was used as the donor. It was obtained from the recently described precursor XX. 24 Indeed, 
reductive free-radical dechlorination of XX using BujSnH in the presence of catalytic AJBN 
allowed the conversion of the JV-trichloroacetyl moiety into AT-acetyl, to give XX (68%). The 
latter was converted to the hemiacetal XX following a two-step process including Iridium 
complex promoted isomerisation of the allyl moiety into the propen-l-yl, 32 and hydrolysis of 
the latter upon treatment with aqueous iodine. 33 Subsequent reaction of XX with 
trichloroacetonitrik in the presence of catalytic l,8*diazabicycto[5A0]undec-7-ene (DBU) 
cleanly gave the trichbroacetimidate donor XX (85% from XX). Previous glycosidation 
attempts in the series indicated that when run at low temperature or room temperature, 
reactions using the D acceptor XX occasionally resulted in a rather poor yield of the 
condensation product. This was tentatively explained by the still rather poor solubility of the 
acceptor XX. When using 1,2-dfchloroethane (DCE) as the solvent, the condensation could be 
performed at higher temperature, which proved rewarding. Indeed, optimized coupling 
conditions relied on the concomitant use of a catalytic amount of triflic acid in the presence of 
4A molecular sieves as the promoter and DCE as the solvent, while the condensation was 
performed at 80°C. The fully protected hexasaccharide XX was isolated in a satisfactory 78% 
yield. That the hemiacetal XX, resulting from the hydrolysis of the excess donor could be 
recovered was of great advantage is one considers scaling up the process (not described)* 
Acidic hydrolysis of the isopropylidene acetal smoothly converted XX into the corresponding 
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diol XX (94%). Resistance of isolated benzoyl groups to Zempl6n transesterification has been 
reported, Jd46 It was also observed previously in the series, upon attempted removal of a 
benzoyl group located at position 2c. 2t Again, the 2c-0*benzoyl group in XX was 
particularly resistant to Zempten dc-0-acylation, and in that case, successful 
transesterification required a week. In that case, heating was avoided in order to prevent any 
potential migration of the acyl group which would lead to the tf-deacylated product 
Conversion of the hexaol XX into the target 3 was successfully accomplished upon 
concomitant hydrogenolysis of the remaining benzyl protecting group and reduction of the 
azido moiety into the corresponding amine. As observed earlier, 20,57 the latter was best 
performed under acidic conditions. The target 3 was isolated in 77% yield after reverse-phase 
chromatography. 

Synthesis of the decasaceharide 1 (Scheme 3): Having the fully protected 
bexasaccharide XX in hands, we reasoned that a convenient access to 1 could involve the 
condensation of an AB(E)C tetrasaccharide donor and a DAB(£)CD bexasaccharide acceptor 
prepared from XX. Preparation of the former was conveniently achieved from the previously 
described tetrasaccharide XX. " Removal of the anomeric allyl protecting group involved a 
two-step process as described above for the preparation of XX. The hemiacetal was readily 
converted into the trichloroacetimidate donor XX, which was isolated in an unoptimized yield 
of 56% over the two steps. Taking advantage of the stability of the 2c-0-benzoyl group under 
Zempten conditions, selective chemical modification at the D residue of XX was anticipated 
to give easy access to the selected acceptor XX Indeed, transesterification of the acetyl 
groups in XX gave the expected triol XX, which was further regioselectively protected at the 
4d and 6 0 hydroxy! groups when treated with 2,2-dimethoxypropane. However, the key 
acceptor XX was isolated in 50% yield only. Condensation of the latter and XX was 
performed in DCE using triflic acid as the promoter. One may note that although the 
condensation involves the construction of the C-D linkage, thus somewhat resembling the 
preparation of the hexasaccharidc XX, heating was not required and the glycosylation went 
smoothly at low temperature to give the fully protected decasaceharide XX (82%). Acidic 
hydrolysis of the acetals gave the tetrad XX (75%). TVansesterification of the acyl groups was 
best performed by overnight heating of XX in xnethanolic sodium methoxide. Final 
hydrogenolysis of the benzyl groups and concomitant conversion of the azido group into the 
corresponding amine gave the target 1 (71% from XX), 
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Synthesis of the pentadecasaccfwridz 2: If the synthesis of 2 was to mimic that of 1, 
the transformation of the non reducing 3,4,6-tri-O-acetyI D residue into the corresponding 
4,6-0-isopropylidene one was to be performed twice, Considering that besides being rather 
low, the yield of the transformation of XX into XX was also poorly reproducible, 
considerable loss of two costly intermediate, namely first the hexasaccharide XX, then the 
undccasaccharide XX, was to be expected. The use of a pre-fiinctionalized DAB(E)C 
building block, that could act both as a donor and an acceptor based on appropriate orthogonal 
protection, was considered as an attractive alternative. Such an intermediate (XX) was 
recently prepared in the laboratory by condensation of an AB(E)C tetrasaccharide acceptor 
(XX) 38 to a fiilly functionalized D thioglycoside donor (XX), and subsequent free-radical 
conversion of the tf-trichloroacetyl into the corresponding acetamide (Scheme 4). 38 Since the 
condensation of XX and XX was somewhat low-yielding, another route to XX is disclosed 
herein. It takes advantage of the high-yielding condensation of the tetrasaccharide acceptor 
XX with (he known trichloroacetimidate donor XX, 39 giving access to the fully protected XX 
(98%), 28 and subsequently to the corresponding acetamido derivative XX as described above. 
Controlled de-O-acetylation of XX under Zempten conditions gave the trio! XX, which was 
next converted to the corresponding alcohol XX upon reaction with 2,2-dimethoxypropane 
(81% from XX). Conventional acetylation at position 3 D then gave the key intermediate XX 
(94%). Transformation of the latter into the trichloroacetimidate donor XX (82%) was 
performed as described for the preparation of XX via the heraiacetal intermediate XX. 

The rather satisfectory yields obtained all along the synthesis of the building block XX 
allowed the targeting of larger sequences. Indeed, when the newly formed pentasaccharide 
donor XX and the spacer-armed D acceptor XX were heated in DCE in the presence of triflic 
acid and 4A molecular sieves as described for the preparation of XX, the condensation 
product was isolated in 78%. The resistance of the two isopropylidene acetals to the harsh 
acidic conditions of the glycosidation reaction is noteworthy. Selective deacetylation at the 3- 
OH of the non reducing residue, then gave the D'AB(E)CD acceptor XX in a yield of 76%, 
confirming indeed than this route to XX was more appropriate than that described above. This 
two-step glycosidaiion/deacetylation process was repeated. However, whereas the above 
mentioned glycosidations required heating, condensation of the hexasaccharide acceptor XX 
and the pentasaccharide donor XX in the presence of triflic acid was run at bw temperature. 
Under such conditions, the fully protected undecasaccharide XX was isolated In an excellent 
yield of 90%. Zempten transesterification at the non reducing 3d-OH of the latter proved as 
efficient, and gave the required acceptor XX (91%). Condensation of this key intermediate 
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with the tetrasaccharide trichloroacetiraidate donor XX was again performed at low 
temperature, using triflic acid as the promoter. The fblly protected pentadecasaccharide XX 
was isolated in a satisfactory yield of 82%. Conversion of XX to the target 2 was performed 
according to the stepwise sequence described for the preparation of 3. Acidic hydrolysis of the 
isopropylidene groups afforded the hexaol XX (83%). Again, running the transesterification 
step at high temperature allowed to overcome the resistance of benzoyl groups to Zempten 
conditions. Conventional hydrogenolysis of the intermediate XX, finally gave the 
pentadecasaccharide hapten 3 (65% from XX). 

CONCLUSION 

The synthesis of the 0*SP of £ flexneri Y by way of polycondensation of a tritylated 
cyanoethylidene tetrasaccharide was reported by others. 40 However, this is to our knowledge 
the first report on the total synthesis of folly defined oligomeric repeating unit glycosides 
mimicking the branched bacterial O-SPs in the £ flexneri series. The strategy disclosed herein 
gives access to extended fragments of the O-SP of 5. flexneri serotype 2a in a spacer-armed 
form suitable for immunological studies. Indeed, amounts required for the synthesis of folly 
synthetic oligosaccharide conjugates as potential vaccines targeting £ flexneri 2a infection 
were made available. The preparation of such conjugates is in progress in the laboratory. 
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CHjOO), 1.65 (s, 3H, OfcOONH), 1.32 (d, 3H, J iS - 6.1 rfe, H-6a), 1.30 (d, 3H, / J>8 - 6.0 
Hz, H-6 C ), 0.97 (d, 3H, J iA - 6.0 Hz, H-6 B ). ,S C NMR (CDCb):B 171.1, 170.8, 170.2, 169.6, 
166.2 (SC. CO), 138^.118.5 (Ph. All). 103.1 (C-1 D ), 101.4 (C-1 B ), 101.2 (C-1a). 98.5 (C- 
1e), 96.4 (C-l c ), 82.2 (C-3e), 81.7 (C-2 E ), 81.7 (C-4 A ), 80.4 (C-4s), 80.2 (C-3 C ), 79.0 (C-3 A ), 
78.6 (C-3 B ), 78.1 (C-2 A ), 77.8 (C-4c), 77.6 (C-4e), 76.0, 75.8, 75.4, 74.7, 74,3, 74.2, 73.3, 
70.5 (8C, CHiPh), 74.9 (C-2 D ), 72.7 (C-2-), 72.6 (C-3 D ). 71.9 (2C, C-5e, 5„), 69.1 (C-5 B ), 
68.9 (2C, All, C-5x), 68.3 (C-6 e ), 67.8 (C5 C ), 62.3 (C-6,,), 54.6 (C2 D ), 23.5 (1C, 
NHO=OCH,), 21.1, 21.0, 20.8 (3C, COCTfc), 19.0 (C-6c), 18.4 (C-6*), 18.2 (C-6b). 
FABMS of C (M H,nN02T (M, 1913.1), m/z 1936.2 (M+Na]*. Anal. Calcd for CjoiHinNQn : 
C 68.90 ; H, 6.50 ; N, 0.77. Found C, 68.64 ; H, 6.66 ; N, 1 .05. 
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C *Mi H i>J,Ct i.S5;N LftO 52.53 



fzw* C^jaH. R6.10U. 




AfchflO-MO 8 . 0=1,0X013 



(2<ttetamido-3,4,6»tri-0-ace^^ 
L^rhamnopyranosyIH1^2)-(3,4wli^^ 
tctra-0-ben^l«a-D-giucapyranosyK1^4)>^ 
trichloroacetimidate (X). 

l^-Cycboctadiene-bis^thyldfo^ hexaflaorophosphate (25 mg, 29 p 

mol) was dissolved tetrahydrofiiran (5 mL), and the resulting red solution was degassed in an 
argon stream. Hydrogen was then bubbled through the solution, causing the colour to change 
to yellow. The solution was then degassed again in an argon stream. A solution of 7 (1.0 g, 
0,55 mmol) in tetrahydrofuran (10 mL) was degassed and added. The mixture was stirred at rt 
overnight, (hen concentrated to dryness. The residue was dissolved in acetone (5 mL), then 
water (1 mL), mercuric chloride (140 mg) and mercuric oxide (120 mg) were added 
successively. The mixture protected from light was stirred at rt for 2 h and acetone was 
evaporated. The resulting suspension was taken up in DCM, washed twice with 50% aq KI, 
water and satd aq NaCl, dried and concentrated. The residue was eluted from a column of 
silica gel with 2:1 petroleum ether-EtOAc to give the corresponding hemiacetaL 
Trichloroacetonitrile (2.5 mL) and DBU (37 jjL) were added to a solution of the residue in 
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I MPP1 4-exp-trrevw-tynJoop 

anhydrous dichloromethane (12.5 mL) at 0°C. After 1 h, the mixture was concentrated. The 
residue was eluted from a column of silica gel with 5:4 cycIohexane-EtOAc and 0.2 % Et 3 N to 
give X as a white foam (0.9 g, 85 %)-. la]n +10° (e 1, CHClj). 

l H NMR (CDC1,):8 8.70 (s, 1H, C=NH), 8.00-7.00 (rn, 45H, Ph), 6.36 (d, 1H, / M - 2.6 Hz, 
H-l c ), 5.59 (zn, 2H, N-Hd» H-2c), 5.13 (d, 1H, = 1.0 Hz, H-Ia), 5.01-4.98 (m. 2H, H-l* 
1 B ), 4.92 (dd, 1H, H-3„), 4.90 (dd, 1H, H-4 D ), 4.68 (d, 1H, H-1 D ). S.00-4.02 (m, 19H, 8 
C/fjPh, H-3 C , 2a, 2 b ), 4.01 (dd, 1H, H-2 B ), 4.00-3.20 (m, 16H, H«3 E , 4 E , 5 B . 6a£, 6db, 4 c , 5 c , 
3b, 4 b , 5 b , 3„, 4 a , 5 a , S n , 6a D , 603), 2.02, 2.00, 1.75, 1.65 (4s, 12H, OOCH,), 1.40, 1.32 and 
1.00 (3d, 9H, H.6 A , 6e, 6c). W C NMR (partial) (CDC1,):8 170.2, 169.9, 169.3, 168.7, 164.9 
(6C. OO. C=N), 103.2 (C1 D ), 101.4 (2C, C-U, 1 B ). 99.0 (C-1 B ). 94.8 (C-l c ), 21.1, 20.9, 
20.8 C3C, CH 3 C=0), 19.1. 18.2 (3C, C-6*, 6 B . 6 C ). FABMS of CiojHujOjNiOjt (M, 1917.4), 
m/2 1930.9 [M+Na]*. Anal. Calcd. for CiojHjuCIjNjOit : C, 64.52 ; H, 5.94 ; N, 1.46. Found 
C, 64.47 ;H, 5.99 ;N, 1.45. 
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2-A«ldoetbyl (2-ac^mido^^tri-0^cetyI-2^T(y-P^»ncopyiwo^iHl^)-(3.^ 

di-0-benzyl-crtrrbainnopyrtttosyl)-fl^ 

(l-+3H2,3,4,6-tetra-0-benzyl-a-D-gto^^ 

rtamnopyr»nosyM1^3)-2.acetainido-2-deoxy-4,«-0-isopropylideiie.p-D- 
glucopyranoside (X). 

A mixture of alcohol X (110 mg, 330 umol), imidate X (720 nag, 376 yxaol) and 4A molecular 
sieves in anhydrous DOS (6 mL) was stirred for lh under dry Ar. After cooling at 0°C, TtoH 
(16 nL,.180 umol) was added dropwise and the mixture was stirred at 80°C for 2.5 h. 
Triethylamine (60 uL) was added and the mixture was filtered and concentrated. The residue 
was eluted from a column of silica gel with 3:4 cyclohexane-EtOAc and Et 3 N (0.2 %) to give 
X as a colorless oil (540 mg, 78 %); [o] D +6.5° (c 1, CHCl>). 

'HNMR(CDCIj):8 8.00-7.00 (m, 45H, Pb), 5.95 (d, 1H, Avm - 7.1 Hz, NH D ), 5.51 (d, 1H, 
J lim = g.i Hz, NHd.), 5.20 (dd, 1H, J u = 1.7 Hz. = 3.0 Hz. H-2c), 5.08 (d, 1H, J iA = 1.0 
Hz, H-Ia). 5.05 (d. 1H, J,.* = 8.3 Hz, H-ln), 4.93 (d, 1H, Ju = 3.1 Hz, H-1 E ), 4.87 (d, IH, 
y u - 1.0 Hz, H-1 B ), 4.82 (d, 1H, 7 U - 1.7 Hz, H-ld, 4.80 (dd, 1H, / v =Ji. 5 - 10.0 Hz, H- 
4»). 4.76 (dd, IH, Jb - 9.5 Hz, H-3„). 4.75-4J0 (m. 16H, ClfcPh). 4.57 (d, 1H. J* = 7.8 
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Hz, H-1 B ), 4.35 (dd. 1H, H-2b), 4.30 (dd, 1H, Ju - 10.0 Hz, J iA = 9.6 Hz, H-3 D ), 4.02 (dd, 
1H, Jb ~ 2.0 Hz, H-2a), 4.00-3.60 (m, 16H, H-6aD, 6bD, 3 8 , 4b, 5b, 68b, 6tfe, 3 C , 4 C , 5 C , 3 B . 
3a, 5*. 2a, 6ao„ 6b*), 3.48 (m. 1H, J,,, = 9.5 Hz. H-5 B ), 3.46 (dd, 1H, H-4p), 3.40 (m, 1H, H- 
5 D ), 3.36 (dd, 1H, H-2 B ), 3.35, 3.19 (ffl, 4H, OCHjCH,**,), 3.30 (dd, 1H. H-4,0, 3.19 (dd, 1H, 
J» - 9.5 Hz, H-4b), 3.17 (m, 1H. H-5 P ), 3.02 (in, IH, H-2 D ), 1.90-1.60 (6s, 18H, CH,C=0), 
1.33, 1.26 (2s, 6H, C(CHj)z), 1.27 (d. 1H, J sfi - 6.2 Hz, H-6a), 1.18 (d, 3H, J u - 6.1 Hz, H- 
6c), 0.90 (d, 3H,/ S>6 - 6.1Hz, H-6b). l, C NMR (CDO,):6 172.1, 171.1, 170.8, 170.1, 169.6, 
166.2 (6C, OO), 139.2-127.1 (Ph), 103.05 (C-l»), 101.6 (C-l B ), 101.0 (C-U), 100.0 (C-lp), 
98.1 (d E ), 97.8 (C-lc), 82.0 (C-2 E ), 81.7, 81.5, 80.2, 78.6, 78.4, 77.9, 77.9 (8C, C-3 B , 4s, 
3c. 4c, 3 B , 4b, 3 a , 4/0, 77.8 (C-2a), 76.0, 74.6 (2C, C-3 D , 3d ), 74.0 (C-2 B ), 73.4 (C-4 D ). 73.3 
(C-2c), 72.2, 71.9 (2C, C-5 0 , 5 D ). 68.9, 68.8. 67.7 (3C, C-S A) 5 B , 5 E ), 68.6 (C-4 D ), 68.5 (C- 
6b), 67.5 (&5c), 62.6, 62.2 (2C, C-6o, fo), 59.7 (C-2 P ), 54.6 (0-2*). 51.0 (CH,N 3 ), 29.5 
(QCftW, 23.9, 23.5, 21.1, 20.9, 20.7 (OOCH 3 ). 19.6 (C(CHih), 18.9 (C-6 C ), 18.4 (C-6 A ), 
18.2 (C-6b). FABMS of QuHuiNiQu (M, 2085.3). mfz 2107.9 [M+Na]* 
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2-Azidoethyl (2,3,4-tri-0-acetyl-2-deoxy-2-acetamido-P-D-gIucopyraiiosyl)-(l->2)-(3,4. 
di-0-beniyl-a-L-rhamhopyranosyi)-(l->2)-(3^-di-0-benzyI-a-L-rhamnopyranogyl)- 
(l->3)"[2 r J,4,6-tetra-0-benzyI-a-D-gIucopyranoByl^l->4))-(2-0-beD2oyl-a-L- 
rhamnopyraao»yl).(l-+3)'2-acetamido.2.deoxy-P-D-glucopyninoside(X). 

To a solution of X (503 mg, 241 umol) in AcOH (6 mL) was added dropwise, water (1 .5 mL) 
at rt. The mixture was stirred for 1 h at 60°C then concentrated by successive coevaporation 
with water and toluene. The residue was cluted from a column of silica gel with 1:4 
Cyclohexane-EtOAc to give X as a white foam (463 mg, 94 %); [a] D +9° (c 1, CHCfe). 
'HNMR (CDCU):5 8.00-7.00 (m, 45H, Ph), 5.70 (d. 1H, NHo), 5.46 (d, IH, ./yo, = 8.0 Hz, 
NH D .), 5.25 (dd, IH, H-2c). 5.05 (d, 1H, J u - 8.4 Hz, H-1 D ), 5.00 (d. 1H, = 1.0 Hz, H- 
Ia), 4.86 (m, 3H, H-lc, 3 B , 4*), 4.84 (m, 2H. H-1 B , 1e), 4.56 (d, IH. H-lr»). 4.40 (dd. IH, H- 
3 B ), 4.35 (dd, IH, H-2 8 ). 4.15 (dd, IH, H-3 B ), 4.80-4.00 (m, 16H, C£f,Ph), 4.03 (dd, IH, H- 
2a), 4.00-3.00 (m, 26H, H-4 B , 5 D , 63d, 6dd, 2* 4* 5 & 63b, 61%, 3 c , 4 c . 5 C , 3 B , 4 B , 5 B , 3*. 4a, 
5a, 2 ff , 5 & , 6ao. 60*, OCHjCHjNa), 2.99 (in, IH, H-2o), 1.85-1.60 (5s, 15H, CH3OO), 1.25 
and 0.85 (3d, 9H, H-6a, 6b, 6c). ,S C NMR (partial) (CDC1 3 ):8 171.6, 171.4, 170.8, 170.1, 
169.6 (C=0), 140.0-127.1 (Ph), 103.1 (CI*), 101.2 (CIO, 99.6 (2C, C-1 B , la). 99.4 (C-1 D ), 
99.0 (C-l c ), 23.8, 23.5 (2C, NHO=OCH,), 21.1, 20.9, 20.8 (3 CH3OO), 19.1, 18.5, 18.2 (C- 
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6a, 6b, 6 c ). FABMS of C m H,»NsOj, (M, 2045 2), m/z 2067.9 [M+NaJ*. Anal. Calod for 
CmHmNsOjj C: 65.19, H: 6.36, N: 3.42. Found C: 65.12, H: 6.51, N; 3.41. 
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2-Aminoethyl (2-deoxy-2-acetamido*p.D-glucopynmo$y))-(l-^2)-(a-L- 
rhamnopyraaosyI)-(l->2H a-L-rhamnopyranasyI>(l->3)-[ci.D-glucopynioosyl-(l->4)]. 
( a-L«rhamnopyraiiosyI)-(l->'3).2-acetainido-2-dco^ r -P-D-gIucopyranosidc (X). 
A mixture of X (207 mg, 101 ymol) in MeOH (5 mL) was treated by MeONa untO pH=9. The 
mixture was stirred 1 week at rt IR 120 (HT) was added until neutral pH and the solution was 
filtered and concentrated The residue was elated from a column of silica gel with 20:1 to 15:1 
DCM-MeOH to give an amorphous residue. A solution of this residue in EtOH (2.2 mL), 
EtOAc (220 yL), IM HQ (172 yL 9 2 eq) was hydrogenated in the presence of Pd/C (180 mg) 
for 72 h at rt. The mixture was filtered and concentrated , then was ehted from a column of C- 
18 with wated and freeze-dried to afford amorphous X (81 mg, 77 %); [ctfo -10° (c 1, H 2 0). 
l H NMR partial (DiO):6 5.12 (d, 1H, J u * 3.4 Hz, H-l e ), 5.07 (d, 1H, J u = 1.0 Hz, H-W, 
4.94 (d, 1H, J X2 * 1.0 Hz, H-l**,), 4.75 (d, 1H, J {2 - 1.0 Hz, H-lwa), 4.63 (d, 1H, / u « 8.35 
H?, H-l***), 4.54 (d, 1H, - 8.3 Hz, H-toicN«) f 1.98 and 1.96 (2s, 6H. 2 CH 3 C=ONH), 
L28-1.20 (m, 9H, H-6a> 6 B , 6 C ). J3 C NMR partial (D 2 0):8 175.2, 174.8 (OO), 103.1 (CM*), 
101.6, 101.4 (3C, C-i A , 1b. lc) 100.8 (C-i D ), 97.9 <C-1 E ), 56.2, 55.4 (2C, C-2 D , 2„), 22.7, 
22.6 (2 NHOOOfa), 18.2, 17.2, 17.0 (3C, C*6 A , 6 B , 6c). HRMS: calculated for 
C 4 aH7aN,02 8 +Na: 1090.4278. Found 1090.4286. 
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X 




Exact Mow. 1723.7809 
Mol.WL: 1726^861 
C70J4;H6\71:N O.ll;0 22,23 



Allyl (2-acefaraido-4,6~<^bopropyIidene~2-deoxy-p^^ 

bcn*yl.a-i^rhanmopyranosyi>(l-*2M^ 

P^W-tetra-tf-benzyUa-D-gJuw^^ 

The pentasaccharide X (2.65 g, 1.47 xranol) was dissolved in MeOH (20 raL). MeONa was 
added until pH=10. The mature was stirred for 25 min then treated by IR 120 (H*) 'until 
neutral pH. The solution was filtered and concentrated. The residue was eiuted from a column 
of silica gel with 9 :1 DCM-MeOH to give the expected triol which was then treated by 2,2- 
dimethoxypropane (11 mL, 0.1 mol) and APTS (20 rag, 0.17 mmol) in DMF (20 mL) 
overnight. Et 3 N was added and the solution evaporated. The residue was ehitcd from a column 
of silica gel with 1:1 Cyctohexane-AcOEt and 0.2 % of EtjN to give X as a white foam (2.0S 
g, 81 % fromX); (a] D +3° (c 1, CHCfe). 

NMR (CDCb) ; «H 3 6.98-8.00 (m, 45H, Ph), 6.17 (bs, 1H, NHt>), 5.82 (m, IH, AD), 5.30 (dd, 
lft J u = LO^-S-OH^H-le), 5.11-5.25 (m, 2H, All), 5.06 (bs, IH, H-1 A ), 4.92 (d, 1H, 
Jxi - 3.1 Hz, H-1 B ), 4.88 (d, IH, J U2 = 1.6 Hz, H-l B ), 4.84 (bs, 1H, H-l c ), 4.35 (d, 1H, H- 
lo)> 4.34 (dd, 1H, H-2 B ), 4.20-4.80 (m, 16H, CH 2 Ph), 4.05 (dd, 1H, H-2*), 3.36 (dd, 1H, H- 
2 fi ), 2.90-4.10 (m, 22H t AD, H-2* 3 A , 3 B , 3 C , 3 D , 3 El 4* 4 B , 4* 4 D , 4* 5*, 5 B . 5 C , 5 D , 5* 6a* 



10 



GA. 02434685 2003-07-04 



61*, 6aE, 61*), 1.5 (s. 3H. AcNtt), 1.2-0.9 (m. 15H, C(CH,)j, H-6 A> 6 fl , 6 C ). "C S : 172.7 
<O=0), 164.9 (0=0), 137.7-116.7 (Ph. All), 102.3 (C-l„), 100.2 (C-1b), 100.0 (C-U), 98.9 
(GCOfahX 97.2 (C-1e), 95.1 (C-lcX 82.1, 82.0, 81.8, 81.6. 80.6, 80.3, 79.0, 78.8, 78.3, 77.8, 
77.6, 75.7, 75.6, 75.0, 74.3, 72.8, 71.8, 71.6, 70.8, 70.3, 69.0, 68.5, 67.8, 67.4, 61.9, 60.8, 
60.5, 29,4 (C(CH 3 ) 2 ), 22.7 (AcNH), 19.0 (C(CH,)j), 18.9, 18.4, 18.2 (3C, C-6 A .6 B .6 C ). FAB- 
MS for C l0I H|,sNO« (M - 1726.9) mfz 1749.7 [M + NaJ*. Anal. Calcd. for 
Ci6iH„ s NOm.HiO : C, 69.52 ; H, 6.76 ; N, 0.80. Found C, 69.59; H 6.71 ; N, 0.57. 
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Alfyl (2^acetamido-3-t>-accty^4,6-<9-isQpropy]idene-2-deoxy-P-D^lucopyranosyI)-(1^2)^ 
(S^-di-O-bcnzyl-a-ly-rhamcopyrtmo 

(1^3)-(2 5 3,4,6-tetrB-0-bettzyl<Jt«D-gIucopyranosyl-(1^4H-2-0-benioyI-a-^ 
rhamnopyranoside (X). 

a) A mixture of X (2.05 g, 1,19 mmol) in Pyridine (60 mL) was cooled to 0°C AcaO (20 mL) 
was added and the solution was stirred 2.5 h. The solution was concentrated and coevaporated 
with toluene. The residue was eluted from a column of silica gel with 2:1 Cyclohexane-AcOEt 
and 0.2 % of E*>N to give X as a white foam (1.99 g, 94 %); [a] D +1° (c 1, CHCfe). 

b) A mixture of X (144 mg, 0,06 mmol), Bu 3 SnH (0.1 mL, 0.37 mmol) and AIBN (10 mg) in 
dry toluene (3 mL) was stirred for 1 h at it under a stream of dry Ar, then was heated for 1.S 
h at 90°C, cooled and concentrated. The residue was eluted from a column of sflfca gel with 
2:1 cyclohexane-EtOAc and 0.2 % of EtjN to give X (100 mg, 74 %). 

NMR (CDCh) : *H 5 6.95-8.00 (m, 45H, Ph), 5.82 (m, 1H, All), 5.46 (d, 1H, Jbm 69 8.0 Hz, 
NHoX 5.29 (dd, 1H, J i% t ** 1.0, Ji, 3 - 3.0 Hz, H-2c), 5.U-525 (m, 2H, AD), 5-00 (bs, 1H, H- 
U), 4.90 (d, 1H, = 3.1 Hz, H-l B ), 4.85 (d, 1H, = 1.6 Hz, H-1 B ), 4,83 (bs, 1H, H-l c ), 
4.70 (dd, 1H, J** « 10.0 Hz, H-3 0 ), 4,44 (d, 1H, H-lp), 4.34 (dd, 1H, H-2 B ), 4.20-4.80 
(m, 16H, CHaPh), 4.02 (dd, 1H, H-2a), 3-37 (dd, 1H, H-2h), 2.90-4.10 (m, 21H, All, H-2* 3a, 
3b* 3c 3 e , 4a, 4b, 4 c , 4 D t 4* 5 A . S B , 5 C , 5 D , 5b, 6ao, 6bo, 6ag, 6bE), 1.92 (s, 3H, OAc), 1.57 (s, 
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3H, AcNH), 1.27-0.90 (m, 15H, CCCHj)*, H-6 A , 6„, 6 C ). "C 8 171.3, 170.3, 166.2 (CO), 
138.7-117.9 (Ph, All), 103.9 (C-1 D ), 101.5 ((M„), 101.4 (C-l A ), 99.9 (CKObM, 98.5 (C-l 8 ), 
96.3 (C-l c ), 82.1, 81.7, 81.6, 80.3, 80.1, 78.8, 78.1, 77.8, 76.0, 75.8, 75.3, 75.1, 74.7, 74.2, 
73.6, 73.3, 72.7, 71.9, 71.4, 70.8, 69.0, 68.8, 68.7, 68.4, 68.1, 67.8, 62.1, 55.0 (C-2 D ), 30.0 
<C(CH 3 ) 2 ), 23.5 (AcNH), 21.6 (OAo), 19.2 (C(CH>) 2 ), 19.0, 18.3, 18.2 (3C, C-6 A , 6* 6 C ). 
FAB-MS for CiwHinNOas <M - 1769.0) m/z 1791.9 [M + Naf. Anal. C&Icd. ibr 
CwjHuiNOm : C, 69.93 ; H, 6.67 ; N, 0.79. Found C 69.77; a 6.84; N. 0.72. 
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join 




x 




C 65/0: H «.0I;C1 5,68; W 1.50; 0 11,35 



(2-acettimidQ-3-0-acetyl-4,6.^^^ 
di-04>en^l«a-iVrhamttopyra 
3M2,3,4>6-tetra-f>te 

rhamnopyranosyl trichloroacetimidate (X), 

l,S-CyclooctadieiiB-bis(iaethy^ hexafliiorophosphate (50 nig, 58 p. 

mol) was dissolved tetrahydrofuran (10 mL), and the resulting red solution was degassed in an 
argon stream. Hydrogen was then bubbled through the solution, causing the colour to change 
to yellow. The solution was then degassed again in an argon stream. A solution of X (1.8 g, 
1.02 ramol) in tetrahydrofuran (20 mL) was degassed and added. The mixture was stirred at rt 
overnight then concentrated to dryness. The residue was dissolved in acetone (9 mL), then 
water (2 mL), mercuric chloride (236 mg) and mercuric oxide (200 mg) were added 
successively. The mixture protected from light was stirred at rt for 2 h and acetone was 
evaporated. The resulting suspension was taken up in DCM, washed twice with 50% aq KI, 
water and Satd aq NaCl, dried and concentrated. The residue was eluted from a column of 
silica gel with 3:2 Cyclohexane-AcOEt and 0.2 % Et 3 N to give the corresponding hemiacetal. 
Trichloroacetonitrile (2.4 mL) and DBU (72 |iL) were added to a solution of the residue in 
anhydrous dichloromethane (24 mL) at 0°C After 1 h, the mixture was concentrated. The 
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residue was eluted from a column of silica gel with 3:2 Cyclohexane-AcOEt and 0.2 % Et 3 N to 
give X as a colorless oil (1.58 g, 82 %); [o] D +2° (c 1, CHCfe). 

NMR (CDC1 3 ) : 'H 5 8.62 (s, 1H, ONH), 6.95-8.00 (m, 45H, Ph), 6.24 (d, IH, J u " 2.6 Hz, 
H-1<0. 5.48 (dd, IH, A,, = 3.0 Hz, H-2 C ), 5.41 (d, IH, J ijmf = 8.4 Hz, NHd), 4.99 (bs, 1H, H- 
1a), 4.92 (d, IH, J» - 3.2 Hz, H-Ie), 4.88 (d, IH, / u = 1.6 Hz, H-1 B ), 4.69 (dd, IH. J u - 
A* - 10.0 Hz, H-3 D ), 4.44 (d, IH, H-1 D ), 4.34 (dd, IH, H-2 8 ), 4.20-4.80 (m, 16H, CH»Ph), 
4.02 (dd, IH, H-2a), 3 .38 (dd, IH, H-2 B ), 2.90-4.10 (m, 19H, H-2 D , 3*. 3 B , 3 C , 3e, 4a, 4b, 4c, 
4d, 4 e , 5a, 5 8 , 5 C , 5 D , S E , 6a 0 , 6bD, 68s, 61*), 1.95 (s, 3H, OAc), 1.55 (b, 3H, AcNH), 1.30- 
0.85 (m, 15H, C(CH3)i, H-6 A , 6b. 6c). '*C 6 172.4, 171.4, 166.9 (C=0), 140.2-128.9 (Ph), 
104.2 (C-1 B ), 101.4 (2C, C-Ia, 1 b ), 101.1 (C(CHjfc), 98.0 (C-1 E ), 94.8 (C-lc), 92.4 (CC1,), 
82.1, 81.5, 80.2, 80.1, 78.6, 78.1, 77.8, 77.6, 76.0, 75.8, 75.5, 75.0, 74.3, 74.2, 73.5 (C-3 0 ), 
73.4, 71.9, 71.4, 71.0, 70.5, 69.2, 68.8, 68.3, 68.1, 62.1, 54.9 (C2d), 29.3 (C(CHj),), 23.4 
(AcNH). 21.4 (OAc), 19.2 (C(CHb),), 19.0, 18.2, 18.1 (3C, 0-6*, 6 B . 6 C ). FAB-MS for 
CioHujClaNaOjs (M = 1873.3) m/z 1896.3 [M + Na]*. Anal. Cafcd. forCuaHnjChNjOjs : C, 
65.40 ; H, 6.08 ; N, 1.50. Found C, 65.26; H, 6.02; N, 1 .31. 
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2-AzidoethyI (2-acetamido-3-0-acetyl-2*deoxy^,6-0-isopro^ 
ghicopyranosyO*(I^2>(3 t 4-di^.beii2yl.a-t*rhamnopyranosyO^ 

a-L-rhamnopyr&nosylH1^3H^ 

benzoyta-whamnopyranosylHl^^ 

glucopyrano$idc(X). 

A mixture of donor X (745 rag, 0.4 mmol) and acceptor X (170 rag, 0.51 mmol), 4 A 
molecular sieves and dry 1,2-DCE (12 mL), was stirred for 1 h then cooled to 0°C. Triflic aoid 
(25 jiL) was added. The stirred mixture was allowed to reach rt in 10 min then stirred again for 
2,5 h at 7S°C. After cooling to rt, Et 3 N (100 jjlL) was added and the mixture filtered. After 
evaporation, the residue was eluted from a column of silica gel with 1:2 Cyclohexane-AcOEt 
and 0.2 % Et 3 N to give X as a white foam (615 mg, 76 %); [a] B +0° (c 1, CHC1 3 ). 
NMR (CDCb) : 'H 8 6.95-7.90 (m, 45H, Ph), 6.02 (d, 1H, Jim - 7.1 Hz, NHd), 5.46 (d, 1H, 
Akh« 8.6 Hz,NH d 0, 5.20 (dd, 1H, J ta = 1.0, Jfc - 3.0 Hz, H-2 C ), 5.03 (d, 1H, J„ = 8.1 Hz, 
H-1 D ), 5.02 (bs, 1H, H-t A ), 4.92 (d, 1H, / w = 3.1 Hz, H-1 E ), 4.85 (d, 1H, / u • 1.6 Hz, H- 
U), *82 (bs, 1H, H-l c ), 4.70 (dd, 1H, H-3 D ), 4.44 (d, 1H, H-1 D ). 4.30 (dd, 1H, H-2 B ), 4.20- 
4.80 (m, 16H, CHaPh), 3.99 (dd, 1H. H-2 A ), 3.37 (dd, 1H, H-2e), 2.90-3,95 (m, 29H, H-2o* 
2ds 3a, 3b, 3c, 3d, 3e, 4a. 4b, 4c, 4 d , 4 d «, 4 b , 5a, Sb, 5c, 5p, Sp-, Sg, 6ao, 6bo, 6ac, 6bD«, 6aB, 
6bB.OCHaCH 2 N»), 2,00 (s, 3H, AcNH), 1.92 (s, 3H, OAc), 1.57 (s, 3H, AcNH), 1.27-0.90 (m, 
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LMPP 1 4-op-hr evewyrfongl 

21H, 2 CfCH,),, H-6a, 6 3 , 6c). "C 6 172.1, 171.5, 170.3, 166.2 (C=0), 139.0-127.7 (Pi), 
103.9 (CM*). 101.7 (C-Ib), 101.2 (CI*), 100.0 (C-1 D ). 99.9, 99.8 (2C, C(CHj) 2 ), 98.3 (O 
W, 97.8 (C-l c ), 82.0, 81.7, 81.5, 80.8, 80.2, 80.1, 78.9, 78.6, 78.0, 77.9, 76.0, 75.9. 75.8, 
75.3, 74.8, 74.6, 74.2, 74.0. 73.6. 73.5, 73.4, 73.0, 71.9, 71.4, 70.8, 69.1. 69.0, 68.8, 68.6. 
68.0, 67.7, 67.6, 62.6, 62.1, 60.8, 59.7 (C-2 D ), 55.0 (C-2 V ), 51.1 (0(CH&Ni). 29.5 
(C(CHj)2). 29.3 (CCCHi),), 23.9 (AcNH), 23.5 (AcNH), 21.3 (OAc), 19.7 (C(CH 3 ),), 19.2 
(C(CH>)2). 18.8, 18.4, 18.2 (3C, C-6 A , 6 a , 6c). FAB-MS for Ci,jHi 3J N s Oj 0 (M « 2041.3) mfz 
2064.2 [M + Naf. Anal. Calcd. for CjuHmNsOao : C, 66.49 ; H, 6.57 ; N, 3.43. Found 
C, 65.93; H, 6.57; N, 2.61. 



17 



CSV. 024346 BS 2003-07*04 




2-AzidoethyI (2-acetamido-2-d«oxy^,6-0-i3opropyIidene-p-i>-gluc^^ 

(3,4HH~0-beniytat-Mliam^^ 

(l^MZ^^tctro-O-benzyi-a-D-glac^^ 

rhamnopyranosyl)-(1^3)-2-acetamido-2-deoxy-4,6-0-isopropyIi(lciic-P-D- 
gtucopyranoside (X). 

a) The hexasaccharide X (615 mg, 0,30 mmol) was dissolved in MeOH (8 mL). MeONa was 
added until pH=9. The mixture was stirred for 3 h then treated by IR 1 20 (FT) until neutral pH. 
The solution was filtered and concentrated. The residue was eluted from a column of silica gel 
with 25: 1 DCM-MeOH and 0.2 % of EtjN to give X as a white foam (590 mg, 97 %); [a] D 
+l e (r l.CHCl,). 

b) To a mixture of X (770 mg, 370 nmol) in MeOH (5 mL) was added MeONa until pH=9. 
The solution was stirred for 40 mirt Amber lite IR 120 (IT) was added until neutral pH and the 
mixture was filtered and concentrated. The residue was eluted from a column of silica gel with 
20:1 DCM-MeOH and EtJ* to give a residue which was dissolved in DMF (2 mL). The 
mixture was treated by 2-methoxypropcne (200 pL, 2.1 mmol) and CSA (20 mg) at rt. After 1 
h, more 2-methoxypropene (200 jiL) was added and the mixture was stirred 1 h. EtjN (160 
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uL) was added and the solution was concentrated. The residue was eluted from a column of 
silica gel with 2:3 toluene-EtOAc and BtjN (0.2 %) to give X (400 mg, 54%). 
'H NMR (CDa):3 8.00-7.00 (in. 45H, Ph), 6.10 (d, 1H, NHo-), 6.05 (d, 1H, / IJN h - 7.4 Hz, 
NHd), 5.20 (dd, 1H, J u = 1.7 Hz, Jb« 3.0 Hz, H-2 C ), 5.10 (d, m,J, A - 1.0Hz, H-1 A ), 4.99 
(d, 1H, / u « 8.3 Hz, H-1 D ), 4.96 (d, 1H, J u - 3.2 Hz, H-le). 4.90 (d, 1H, J u ■ 1.0 Hz, H- 
h). 4.86 (d, 1H, = 1.0 Hz. H-Ic), 4.52 (d, 1H, Jfc- 7.5 Hz, H-M, 4.37 (dd, 1H, H-2 B ). 
4.22 (dd, 1H, H-3d), 4.02 (dd, 1H, H-2 A ), 4.80-4.00 (m, 16H, CftPh), 4.00-2.95 (m, 30H, H- 
2d» 4d, 5b, 6an, 6lto» 2e, 3b, 4e, 5& 6a& 6bE, 3c, 4c, 5c, 3b, 4b, 5b, 3*, 4a, 5 a , 2b, iv, Avr, So, 
6a», 6btr, OCHjCHjN,), 2.00-0.92 (6s, 3d, 27H, 2 CHjCO, 2 C(CH 3 ) 2 , H-6 A , 6 B , 6 C ). W C 
NMR (CDCJj) partial: 5 173.9, 172.1, 166.3 (OO), 140.0-125.0 (Ph). 103.6 (C-lcr). 101.7 
(C-1 B ), 101.2 (C-1 A ), 100.2 (aCHj),), 100.2 (C-lp), 99.9 (QCHjfc), 98.2 (C-l E ), 97.8 (C- 
lc), 29.4, 29.3, 23.9, 22.8, 19.6, 19.2, 18.9, 18.4, 18.2 (C-6 A , 6b. 6 c , 2 CHjCO, 2 C(CHj)i). 
FAB-MS for C U iHuiN<Q» (M - 1999.2) m/z 2021.8 [M + Naf. AnaL Calcd. fbr 
CmHuiNjOas : C, 66.68 ; H, 6.60 ; N, 3.50. Found C, 66.63 ; H, 6.78 ; N, 3.32. 
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^OBn 

an0 ^Z?Sf E*ittMo«: 1627,56 

Hno Bntfl Mot. Wt; 1630,09 

__Jf C 67,05; H S.94; CI 6,52; N 0,86; O 19.65 

* n °hfi6^ A!pfcaD«^2Z* Ot, CHCU 



(2-(tacefyl-3,4-di-0-bei^ 

rhamnopyranosyO-(1^3)-f2,3»4,6.tetra.O-benzyI-a.D-gIucopyraaosyK1^4)]-2-0- 
benzoyl-a-L-rhamnopyninoayJ trichloroacetimidate (X). 

l,5-Cyclooctadiene-bis(methyld^ hexaflnorophosphate (80 mg, 93 n 

mol) was dissolved tetrahydrofuraa (10 mL), and the resulting red solution was degassed in an 
argon stream. Hydrogen was then bubbled through the solution, causing the colour to change 
to yellow. The solution was then degassed again in an argon stream. A solution of X (2.55 & 
1.67 tnnaol) in tetrahydrofuran (20 mL) was degassed and added. The mixture was stirred at rt 
overnight then concentrated to dryness. The residue was dissolved in acetone (15 mL), then 
water (3 mL), mercuric chloride (380 mg) and mercuric oxide (320 mg) were added 
successively, The mixture protected from light was stirred at rt for 2 h and acetone was 
evaporated. The resulting suspension was taken up in DCM, washed twice with 50% aq KI, 
water and satd aq NaCl, dried and concentrated. The residue was eluted from a column of 
silica gel with 3:1 petroleum ether-EtOAc to give the corresponding hcmiacetaL 
Trichloroacetonitrile (2,0 mL) and DBU (2S \xt) were added to a solution of the residue in 
anhydrous dichloromethane (15 mL) at 0°C. After 1 h, the mixture was concentrated. The 
residue was eluted from a column of silica gel with 3:1 petroleum ether-EtOAc and 0.2 % 
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EtjN to give X as a white foam (1 .5 g, 56 %); (a] D +22° (c 1 , CHCfe). 
'H NMR (CDCb):8 8.72 (s, 1H, C=NH), 8.00-7.00 (m, 45H, Ph), 6.39 (d, 1H, = 2.5 Hz, 
H-l c ), 5.60 (dd, 1H, J» «= 3.0 Hz, H-2c), 5.58 (dd. 1H, J u - 1.7 Hz, J„ = 3.0 Hz. H-2a), 
5.12 (d, IH, Jxj ■ 3 J Hz, H-1e), 5.08 (m, 2H, H-1 A , 1 B ), 5.00-4.00 (m, 16H, CftPfa), 4.20 
(dd, lH, H-3c), 4.05 (dd, 1H, H-3b). 4.00-3.35 (m, 14H, H-2b, 4 8 , 5 & 6a e , 61%, 4 C , 5 C , 2 B , 3 8 , 
4 B , 5 b . 3 A , 4 a , 5a). 2.05 (s, 3H, OOCH,), 1.42, 1.36 and 1.00 (3d, 9H, H-6a, 6b, 6 c ). "C 
NMR (CDQ,):8 170.3, 165.8 (OO), 138-127 (Ph), 99.9 (2C, C-1 A , 1 B ), 98.5 (C-1 B ), 94.7 
(C-lc). 82.1. 81.2, 80.4, 80.0, 79.1, 78.1, 78.0, 75.2, 71.7, 71.2, 70.7, 69.5, 69.4, 68.7 (16C, 
C-2 A , 1a, 4a, 5a, 2b, 3b, 4 b , 5b, 2c, 3 c , 4 c , 5 c , 2 b , 3 S , 4s, 5e), 76.0, 75.7, 75.5, 75.1, 74.3, 73.3, 
72.2. 71.2 (8C, PhClfe). 68.5 (C-fe). 21.4 (C=OCHi), 19.2, 18.5, 18.1 (C-6a, 6a, 6c). AnaL 
Calcd. for CjiHstCfeNOso : C, 67.05 ; H, 5,94 ; N, 0.86. Found C, 66.44 ; H, 6.21 ; N, 0.93. 
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2-AzidoethyJ (2-0^cetyM,4Mii-<^ben^l-a-L^^ 

bena^-Ir-rhamnopyrenosylH^ 

(1^4)M^0-b*n»yl-a-L-*hamn^ 

isopropyMene-p-D-glucopyranosyO-(1^2)-(3^ 

(l^X^-di-^benzyl-a-I^rhamno 

gIucopyrtno*yKl^)H2-0-beira^ 

dco^r.4,6*0-isopropylidene-P-B-glucopyranoside(X), 

A mixture of alcohol X (1 10 mg, 55 pjnol), imidate X (179 mg, 110 junol) and 4A molecular 
sieves in anhydrous DCE (2.5 mL) was stirred for 1 h under dry Ar. After cooling at -35*C, 
T£DH (5 \iU 50 junol) was added dropwise and the mixture was stated for 2.5 h and allowed 
to reach 10°C. Et 3 N (25 \xL) was added and the mixture was filtered and concentrated. The 
residue was eluted from a column of silica gel with 4:1 to 3:1 toluene-BtOAc and EtjN (0.2 %) 
to give X as a white foam < 158 rag, 82 %); [cc] D +18° (c 1, CHCb). 
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'HNMR (CDCI»):8 8.00-6.90 (90H, m, Ph), 5.90 (d, 1H, J^m - 7.0 Hz, N-H D ), S.S8 (d, 1H, 
Jim ■ 7.5 Hz, N-H»), 5.45, 5.22 (m, 2H, J u = 1.0 Hz, - 2.0 Hz, H-2& 2c), 5.12 (dd, 1H, 
H-2 A ), 5.1 1 (d, IH, 7 W - 8.3 Hz, H-1 D ), 5.05 (d, 1H, 7 W = 1.0 Hz, H-l A ), S.01 (d, 1H, J w * 
3.2 Hz, H-1 E ), 4.96 (d, 1H. Jij *» 1.0 Hz, H-l c ), 4.94 (m, 2H, H-l E , 1b), 4.86 (d, 1H, H-i B ), 
4.82 (d, IH, H-lc), 4.72 (d, 1H, H-IdO, 4.70 (d, 1H, H-1 A .), 4.90-4.20 (m, 36H, 16 OCifcPh, 
H-2b. 2b-, 3d, 3d-), 4.00-2.90 (m, 45H, H-2o, 4d, 5 B , fete, 6b fl , 3c 4 C , 5 C , 2e, 3 e , 4 h , 5b, 6a B , 
6ob, 3b, 4b> 5 B , 2 a , 3a, 4 a , 5a, 2dt, 4d-, 5d-, 6ao, 6bor, 3^ 4c, 5e» 2b-, 3b, 4e-, 5s. 6ae, Gbs, 3b-, 
4b-, 5 b -, 3av 4 av S a ., OCHjCHjN,), 2.00 (s, 3H, AcNH), 1.88 (s, 3H, OAc), 1.86 (s, 3H, 
AcNH), 1.40-0.82 (m, 30H, 6 H-e^,, 2 C(CH,) 2 ). ,J C NMR (partial) (CDCls):S 172.1, 171.4, 
170.2, 166.2, 165.9 (C=0), 102.7 (C-lo-), 101.6, 101.2 (2C, C-1 B , U), 101.1 (C-Ia), 99.8 (C- 
1 D ), 99.7 (C-lcX 98.2 (2C, d B , U), 97.2 (2C, C-l c , U), 63.3, 62.6 (2C, C-6e, 6b-), 60.0, 
57.8 (2G, C-2o. 2ty), 51.0 (OCHjCHjNa), 29.5, 29.4 (2C, CCCHjW, 24.0 (2C, 2 AcNH), 21.3 
(AcO), 19.6, 19.5 (2C, C(CHj)i), 19.1, 18.9, 18.8, 18.5, 18.2, 18.1 (6C, C-6 A , 6 B , 6c, 6 A ., ©V, 
6 C ). FABMS of CiooHa$Nj0 4 B (M, 3446.9), 3489.5 ([M+Na] 4 ). Anal. Calcd for 
QmHmjNjO*, +5H,0, C: 67.47, H: 6.65. N: 1.96. Found C: 67.40. H: 6.57, N: 1.72. 
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2-Aminoethyl (a-L-rhamnopyranogyl)-(l->2)-(a-L-rhamnopyr*noiyI)-(^3).[a-D- 

glacopyranosyHl^Ha-L-rhamnopyrM^ 

gtacopyranosylMl^Ha-L-rhamnopyw^ 

Ia~D-glucopyranosyH1^4)Ka-I^t*^ 
glucopymnosidc (X). 

A mixture of X (130 xng, 38 junol) in MeOH (4 mL) was treated by MeONa until ptt=9. The 
mixture was stirred 1 hatrt, then heated at 55°C and stirred overnight. After cooling at rt a IR 
120 (If) was added until neutral pH and the solution was filtered and concentrated. The 
residue was ehrted from a column of silica gel with 25:1 to 20:1 DCM-MeOH to give an 
amorphous residue. A solution of this residue in EtOH (1.5 mL), EtOAc (150 pL), 1M HC1 
(66 jiL. 2 eq) was hydrogenated in the presence of Pd/C (100 mg) for 72 h at it The mixture 
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was filtered and concentrated , then was eluted from a column of C-18 with wated and freeze- 
dried to afibrd amorphous X as a white foam (41 mg, 71 %); [«] D -7° (c 1, H z O). 'H NMR 
partial (D,0):6 4.90 (m, 2H, = 3.5 Hz, 2 H-1,0, 4.82 (bs, 1H, H-W, 4.75 (bs, 1H, H- 
lw.), 4.72 (bs, 1H, H-W, 4.67 (bs, 1H.H-W, 4.52 (bs, 1H, H-l m ), 4.51 (bs, 1H, H-l Rh J, 
4.41 (d, 1H, S u = 8.6 Hz, H-1om«*), 4.29 (d, 1H, 7 W = 8.6 Hz, H.l 0ItNte ), 1.77 (s, 6H, 2 
CHjCONH), 1.15-0.96 (m, 18H, K-G**). U C NMR partial (DjO):5 174.8, 174.7 (0=0), 
102.9 (C<y, 102.6 (C-lowta), 101.8 (2C, 2 C-W, 101.6 (C-l Rte ), 101.4 (C-l Rb 0« 101.3 
(C-W, 100.8 (C-IowhJ, 97.9 (2C, 2 C-loh), 56.0. 56.4 (2 C, 2 C SWk ), 22.7, 22.6 (2 
NHOOCH,), 18.2, 17.2, 17.0, 16.9 (6C, 6 0-6**). HRMS: calculated for CsaHwiNiOii+Na: 
1690.6544. Found 1690.6537. 
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2-Azidoethyl (2-acetanrido^0-acetyl-2-deo^ 
gtacopyranosyQ-(1^2M3,4^i-0^^ 

a-i^rhftm«opyrano8yg.(1^3M2£A6-to^ 
benxoyl-a-L-rtiamnopyrano^ 

glucopyranosy0-(1^2H3»4«di-O-ben^l-a-L-rhamnopyranosyl)-(1^2 
a-whairaopyMosyO<1^3)-I2,3A6-t€tra-£l-bcnayU 
ben«oylMxH^rtiamnopyiano^lM1^3)^ 
glucopynmoside (X). 

A mixture of donor X (835 mg, 0.44 mmol) and acceptor X (590 mg, 0.3 mmol), 4 A 
molecular sieves and dry 1,2-DCE (12 rnL), was stirred for 1 h than cooled to -30°C Triflic 
acid (35 \xL) was added. The stirred mixture was allowed to reach 5°C in 2.5 h. EtiN (150 \iL) 
was added and the mixture filtered. After evaporation, the residue was ehited from a column of 
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silica gel with 12 Cyolohexane-AcOEt and 0.2 % Et,N to give X as a white foam (990 mg, 90 
%);[a] D +10°(el,CHCi,). 

'H NMR (CDC1,): partial 8 6.95-7.90 (m, 90H, Ph), 5.98 (d, 1H. J im » 6.9 Hz, NHd), 5.60 
(d, 1H, y 2 .NH - 7.5 Hz, NHd). 5.45 (d, 1H, Ji>m - 8.5 Hz, NH D ), 5.22 (dd, 1H, J u = 1.0. Jb - 
3.0 Hz, H-2c), 5.13 (dd, 1H, J ia = 1.0, Jb =» 3.0 Hz, H-2 C ). 5.08 (d. 1H JJj - 8.3 Hz. H-1 D ), 
5.07 (bs, 1H, H-1 A ), 5.04 (bs, 1H, H-l*), 4.97 (d, 1H, J u - 3.0 Hz, H-U), 4.94 (d, 1H, J w - 
3.0 Hz, H-1 E ). 4.90 (bs, 1H, H-1 B ), 4.86 (bs, 1H, H-l„). 4.82 (bs, 1H, H-lc), 4.73 (d, 1H, H- 
lo). 4.70 (bs, IH, H-lc), 4.43 (d, 1H, H-l 0 ), 4J0-4.80(m, 16H, CHjPh). 2.00, 1.85, 1.58 (3s, 
9H, AcNH), 1.95 (s, 3H, OAc), 1.37-0.85 (m, 36H, 3 C(CHj)j, 2H-6* 2H-6 Bj 2H-6 C ). "C 
NMR (CDCb) partial: S 171.7, 170.8, 169.8, 165.8, 165.4 (C=0), 139.0-127.7 (Ph), 103.9 
(C-Id), 102.8 (C-1d), 101.5 (2C, C-1 b ), 101.3 (C-l*), 101.1 (CI*), 100.0 (C-l„), 99.5, 99.3 
(3 QCH])^), 98.3 (C-la), 98.1 (2C, C-l c , 1b), 97.8 (Cl c ), 82.0, 81.7, 81.6, 81.4, 80.3, 80.2, 
80.1, 79.5, 79.2. 78.9. 78.7, 78.4, 78.1, 77.9, 77.8, 77.6, 76.0, 75.8, 75.3, 75.2, 74.7, 74.4, 
74.1, 74.0, 73.6, 73.5, 73.4, 73 J, 73.0, 72.7, 71.9, 71.4, 70.9, 70.8, 69.1. 69.0, 68.9, 68.7, 
68.6. 68.5, 68.1, 67.8, 67.7, 67.5, 62.6, 62.3, 62.1, 60.8. 59.9 (C-2 D ), 57.9 (C-2 D ). 55.0 (C- 
2„), 51.1 (0(CHa)aN,), 29.5. 29.4, 29.3 (3 0(0^)0. 24.0, 23.9, 23.5 (3 AcNH). 21.3 (OAo). 
19.7, 19.6, 19.2 (3 C(CHj)i). 18.9, 18.8, 18.6, 18.5, 18.2, 18.1 (6C, 2 C-6 A , 6b, 6c). FAB-MS 
for GmEMNiOd (M - 3710.2) mh 3733.3 [M + Na]\ Anal. Calcd. for CznHwjNeO,, : C, 
68.31 ; H, 6.57 ; N, 2.27. Found C, 68.17; H, 6.74; N, 2.12. 
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2-AzidoethyI (2'icctamido-2-deoxy-4,6-0-isopropylldenc-p-l>-glucopyTanosyI)-(l-^2)~ 

(3,4-di-G-benzyl-a-L-rhamnopyranosylH1^2>^^ 

(1^3M2A4,6-tetra-(^beMyl-a»D-giuc^ 

rhamnopyranoiyrH1^3)-(2-acetamido-2~deoi^^ 

glucopyranosy0-(1^2H3,4-di«O-benzyl^^A^ 

a-whamnopyMnosyI)-(1^3)-[2,3,4 3 6-teti^-0-bcnzyI<t-D-glacopyrano 

benzoyNa-l^rhamnopyranosyI)-(1^3>2-ac^ 

glacopyranoiide (X). 

The undecasaccharide X (990 mg, 0.27 mmoi) was dissolved in MeOH (30 mL). MeONa was 
added until pH=9. The mixture was stirred for 3 h then treated by IR 1 20 (H*) until neutral pH. 
The solution was filtered and concentrated. The residue was eluted from a column of silica gel 
with 1:1 toluene-AcOEt and 0.2 % of EtaN to give X as a white foam (900 mg, 91 %); [a] D 
+15«(cl,CHCU, 
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'HNMR (CDCU): partial 8 6.95-8.00 (m. 90H, Ph), 6.19 (bs, 1H, NHp), 5.96 (d, IH, y«m = 
6.8 Hz, NHo), 5.57 (d, IH, - 6.8 Hz, NHd), 532 (dd, IH, H-2c). 5.13 (dd, IH, H-2c), 
5.10 (d, 1H, H-lo), 5.07 (bs, IH, H-l*), 5.04 (bs, 1H, H-U), 4.96 (d, 1H, H-1 B ), 4.94 (d, IH, 
H-l e ). 4.85 (bs, IH, H-1 B ), 4.84 (bs, IH, H-1 B ). 4.82 (bs, IH, H-l e ), 4.70 (d, IH, H-le), 4.67 
(bs, IH, H-1 D ), 4.44 (d, IH, H-1 D ), 4.20-4.80 (m, 16H, CHjPh), 2.00, 1.8S, 1.58 (3s, 9H, 
AoNH), 1.37-0.80 (m, 36H, 3 C(CH,>2, 2H-6*, 2H-6b, 2H-6 c ). w C NMR (CDC1,) partial: 8 
172.8, 170.9, 170.3, 165.1. 164.7(0=0). 139.0-127.7 (Ph), 103.5 (C-1 D ), 103.1 (C-l 0 ), 101.5 
(2C C-la), 101.2 (C-1 A ), 101.1 (C-l*). 99.9 (C-1 D ), 99.0, 98.8, 98.7 (3 C(CHj)j), 98.3 (C- 
1 E ), 98.1 (2C, C-lc, 1b). 97 8 (C-lc), 82.1, 82.0, 81.9, 81.7, 81.6, 81.5, 80.6, 80.3, 80.2, 80.1, 
79.7, 79.1, 78.9, 78.5, 77.9, 77.6, 75.7, 74.9, 74.6, 74.3, 73.3, 73.0, 72.7, 71.9, 71.8, 69.1, 
68.9. 68.7, 68.5. 68.0. 67.8, 67.7, 67.6, 67.5, 62.6, 62.3, 61.9, 60.5, 59.9 (C-2 P ), 57.4 (C-2 B ), 
55.0 (C-2 tt ), 51.0 (©(CHOiNj). 29.51, 29.47, 29.3 (3 CtfCH,),), 24.0, 23.9, 22.7 (3 AcNH), 
19.7, 19.6, 19.3 (3 C(CH 3 ) a ), 19.0, 18.9, 18.6, 18.5, 18.2, 18.1 (6C, 2 C-6 A , 6 B , 6c). FAB-MS 
for Qo»HimN<0 S 2 (M - 3668.1) mts 3690.8 \M + Na]*. Anal. Calcd. for Cn,Hi«N60a : C. 
68.43 ; H, 6.59 J N, 2.29. Found C, 68.28; H, 6.72; N, 2.11. 
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2-Azidoethyl (2-0-AcetyI-3,4-di-0-beii2yK 

benzyl-a^L-rbaranopyranosylH1^3M2>3,4^^ 

4)]-(2-0-bcn:wyl-a<rrhamnopyrano^^ 

isopropyIldene-(^D-glucopyranosyOK1^2H^^ 

IHS^MTi-O-benzyl^wham^ 

gtacopyranosyH1^4)H2-0-ben^ 

deo2y-4 f 6*0-isopropylidene-f^l>-glu^^ 

rhamnopyranosyfl-(1^2)<3.4MlI-0-ben^ 
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0.bcnzyI- ! a-D-gIucopyranosyl-(l-»4)l.(2-0'benzoyl-a-L-rhamnopyranosyl).(l-^3)-2- 
acetamido-2-deoxy-4,6-0<isopropylidene-p<D*gIucopyranosideCX). 

A mixture of donor X (377 mg, 0.230 mmol) and acceptor X (427 rog, 0.115 mmol), 4 A 
molecular sieves and dry 1,2-DCE (10 mL), was stirred for 1 h then cooled to -30 a C Triflio 
acid (20 |iL) was added. The stirred mixture was allowed to reach S B C in 2.S h. Et 3 N (ISO uL) 
was added and the mixture filtered. After evaporation, the residue was eluted from a column of 
silica gel with 3:1 toluene- AcOEt and 0.2 % EtjN to give X as a foam (490 mg, 82 %); [oc]o 
+20 o (cl,CHCfe). 

*H NMR (CDCb): partial 8 6.90*8.00 (m, 135H, Ph.), 5.95 (d, 1H, Ji,iBt - 6.6 Hz, NH D ). 5.60 
(d, 1H, Jb« = 8.0 Hz, NHe), 5.59 (d, 1H, Am - 7.5 Hz, NHd), 5.44 (dd, 1H, H-2c), 5.22 
(dd, 1H, H-2c), 5.10 (dd, 1H, H-2c), 2.20 (s, 3H, OAc), 2.00, 1.85, 1.84 (3s, 9H, AcNH), 
1.40-0.80 (m, 45H, 3 C(CHj) a , 3H-6a, 3H-6b, 3H-6 C ). I3 C NMR (CDClj) partiat 5 173.2, 
172.6, 172J, 171.3, 167.4, 167.0, 166.9 (C=0), 140.2-126.8 (Ph), 102.8, 102.7, 101.5, 101.3, 
101.1, 99.9, 99.8, 98.1, 97.8, 82.0, 81.7, 81.5, 81.4, 80.2, 80.1, 79.6, 79.4, 78.9, 78.6, 78.0, 
77.9, 77.6, 75.5, 73.4, 73.3, 73.0, 72.8, 71.9, 71.6, 69.4, 69.1, 69.0, 68.6, 67.8, 67.7, 67.6, 
67.5, 62.6, 62.3, 60.0, 57.9, 57.7, 51.0 (OCHjOfcNj), 30.5 (3C, C(CH>)j), 25.0, 22.4 (3C, 
AcNH), 22.9 (OAc), 20.7, 20.6, 20.2 (3C, C(CHj)i), 20.0, 19.9, 19.8, 19.7, 19.6, 193, 19.2, 
19.1 (9C, 3 0-6a, 6b, 6 c ). FAB-MS for Cm&uH&n (M - 5135.8) m/z 5159.3 [M + Naf. 
Anal Calcd. fcr C 2M Hj 34 N 6 07t : C, 69.69 ; H, 6.55 ; N, 1.64. Found C, 69.74; H, 6.72; N, 
1.49. 
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2-AzidoethyI (2-0-acetyl-3 1 4-di-0-ben2yI-a-L-rhamnopyranosyl)-(1^2)-(3 > 4»di-0* 

bcn2yl-a-i^rhamnopywiiogyl)^1^3)-[2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyl-(l^ 

4)]-(2-0-bena:oyl<i-i^rhainnopyranosy^ 

gtucopyrano9y!M1^2M3,4-di-04>enzyl-a^^ 

a-whamnopyrflno^i>(1^3)-[2^*,6-tetra^^ 

benzoyl-a-L-rtamnopyranosy^ 

2H3,4-di-0-ben2yl-a-whamnopyranosy^ 

rhanmopyrinosyI)-(1^3M2,3A6-tetra-^ 

benzoyl-a-L-rhamnopyranosyl)-(l->3)-2-acetainido-2-deoxy-p-D-gIucopyrano3idc(X), 

To a solution of the pentadecasaccharide X (480 mg, 93 pmol) in DCM (14 mL) was added 
dropwise at 0°C, a solution of TFA (1.75 mL) and water (1.75 mL). The mixture was stirred 
for 3 h then concentrated by coevaporation with successively water and toluene. The residue 
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was eluted from a column of silica gel with 1:1 toluene- AcOEt to give X as a ■white foam (390 
mg, 83 %); [o] n +12° (c I, CHCl,). 

FAB-MS for CaaHjaiHsCfci (M - 5015.6) mfz 5037.2 [M + NaJ*. 

Anal. Catcd. for CaMHmNeOTi.SHjO: C, 67.27 ; H, 6.60 ; N, 1.63. Found C, 67.31; H, 6.45; 
H 1.64. 
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2-Aminoethy! (a-i^rhamnopyranosylHl~>2Ma-L-rha^ 

gIucopyrano5yI-(l->4)]-(a-L-rhamnopyi^osy0^1->3)-(2-acctamido-2-deoxy-p 

glucopyranoflyO-(1^2Ma-irrhamnopyranosy 

a-D*glucopyranosyK1^4)]-(a-L-rhamnopyranosyIH1^3)-(2-acetamido-2-dco 
glucopyranosyl)-(1^2H<*-^rbamnopyra^ 
a-D-g1urapyranosyl-(1^4)]-(a-L^ 
glucopyrsinoside (X). 

A solution of the partially deprotccted pentadecasaccharide X (390 mg, 77 ^mol) in MeOH 
(10 mL) was treated by MeONa until pH=lO. The mixture was stirred overnight at 55 °C. After 
cooling at rt, IR 120 (H*) was added until neutral pH and the solution was filtered and 
concentrated, then was eluted from a column of silica gel with 20:1 DCM-MeOH to give the 
benzylated residue (252 mg). A solution of this residue in EtOH (3 mL), AcOEt (250 jiL) and 

35 



CO. 02434669 2003-07-04 

LMPP i4-0(>-brev«-!ynlotiss 

1M HCI (106 |xL) was hydrogenated in the presence of Pd/C (300 mg) for 48 h at rt. The 
mixture was filtered and concentrated, then was eluted from a column of C-18 with 
water/CH 3 CN and freeze-dried to afford amorphous X (127 mg, 65 %); [a] D -5° (c 1, H,0). 
'H NMR (DjO): partial 6 5.13 (m, 3H, 3 H-l E ), 5.07 (m, 2H, H-Iwk), 4.99 (bs, 1H, H-lw,.), 
4.95 (m, 2H, H-W, 4.90 (m, 1H, H-l Rto ), 4.75 (m, 3H, H-l**,), 4.63 (d, 2H, J ia = 8.5 Hz, 2 
H-1 D ), 4.51 (d, 1H, - 8.5 Hz, H-1 D ), 2.00 (s, 9H, 3 AcNH), 1.30-1.18 (m, 27H, 3H-6*. 
3H-6b, 3H-6c). "C NMR (CDClj): 8 174.8, 174.7 (3C, C=0), 102^, 102.6, 101.7, 101.3, 
100.8, 97.9, 81.8, 81.7, 79.6, 79.0, 76.3. 76.2, 73.0, 72.7, 72.4, 72.1, 71.6, 70.5, 70.1, 70.0, 
69.7, 69.6, 69.4, 68.7, 68.6, 66.0, 61.0, 56.0, 55.4, 39.8, 22.7. 22.6 (AcNH), 18.2, 17.2, 17.0, 
16.9 (9C, 3 C-6 A . 6 b , 6 c ). FAB-MS for C&uitUQa (M - 2470.9706) m/z 2493.9660[M + 
Na]*. 
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X 



Ci w H m NO w 
Exact Mm: ifliijs 
Mo1.Wc.Min.oj 
C 61.50, H *,SO;N 0,77,0 



AjphaD-+3«,C-hCHCU 



Altyl (2-acetamido-3,4,6-trt-(^acetyl-2-deoxy-P-^^ 
benzyl-a-L-rhamnopyranosyO<l->2)-(3,4-di-^^ 
[2,3,4,6-tctra-0-benzyl-a-D^lucopyranosyI-(1^4M^^ 
(X). 

A mixture of X (3.14 g, 1.6 mmol), Bu 3 SnH (2,5 niL, 9.3 mmol) and AIBN (240 mg) in dry 
toluene (40 mL) was stirred for 30 mm at rt under a stream of dry Ar, then was heated for 1 h 
at 100°C, cooled and concentrated. The residue was etuted from a column of silica gel with 3:2 
petroleum ether-EtOAc to give X as a white foam (2.0 g, 68 %); [a]n +3° (c 1, CHCU). 
l H NMR (CDCl3):6 8.00-7.00 (m, 45H, Ph), 5.82 (m, IH, All), 5.58 (d, IH, ^ « 8.0 Hz, N- 
H D ), 5.35 (dd, IH, Jx* - 1.0 Hz, J w = 2.3 Hz, H-2 C ), 5.19 (m, 2H, All), 5.10 (d. IH, 7 W * 1.0 
Hz, H-U), 4.92 (dd, IH, J 2 j = 10.5 Hz, J y < = 10.5 Hz, H-3 D ), 4.92 (d, IH, J lj3 » 3.3 Hz, H- 
1 E ), 4.90 (d, IH, Jtx » 1.7 Hz, H-1 B ), 4.89 (d, IH, H-l c ), 4.88 (dd, IH, « 10.0 Hz, H-4d)i 
4.62 (d, IH, J x2 = 8,5 Hz, H-1 D ), 4.90-4.35 (m, 16H, CtfjPh), 4.40 (m, IH, H-2 B ), 4.10-4.00 
(m, 2H, All), 4.08 (dd, IH, - 2.4 Hz, H-2*), 4.02 (dd, IH, H-3 C ), 3,91 (m, IH, H-2 D ), 
3,90-3,70 (m, 1 IH, H-4c 5 Cl 3 A , 5 A , 6ao, €bo % 3 E , 4* 5 E , 6a E , 61*), 3.61 (dd, IH, J iA - 9.5 Hz, 
H-3 B )» 3.55 (m, IH, H-5 B ), 3.41-3.40 (m, 3H, H-4 A , 5 D , 2 E ), 3,47 (m, IH, - 9.5 Hz, J lfi - 
6.1 Hz, H-5 B ), 3.35-3.33 (m, 3H, H-4 A , 5 D| 2 B ), 3.25 (dd, IH, H-4b), 1.95, 1.70 (3s, 9a 
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CHtOO), 1.65 (s, 3H,CH}C=0NH), 1.32 (d, 3H„/ 5 , a = 6.i Hz, H-6 A ), 1.30 (d, 3H, J Sfi - 6.0 
Hz, H-6c). 0.97 (d, 3H, J s , 6 = 6.0 Hz, H-6 B ). "C NMR (CDClj):8 171.1, 170.8, 170.2, 169.6, 
166.2 (5C, C=0), 138.2-118.5 (Ph, All), 103.1 (C-1 D ), 101.4 (C-1 B ), 101.2 (C-1/0, 98.5 (C- 
1e), 96.4 (C-l c ), 82.2 (C-3 B ), 81.7 (C-2e), 81.7 (C-4 A ), 80.4 (C-4„), 80.2 (C-3 C ), 79.0 (C-3 A ), 
78.6 (C-3 B ), 78.1 (C-2 A ), 77.8 (C-4 C ), 77.6 (C-4e), 76.0, 75.8, 75.4, 74.7, 74.3, 74.2, 73.3, 
70.S (SC, CHJh), 74.9 (C2 B ) f 72.7 (C-2 C ), 72.6 (C-3 D ), 71.9 (2C, C-5 B , 5 D ), 69.1 (C-5 B ), 
68.9 (2C, AD, C-5a), 68.3 (C-6e), 67.8 (C-5 C ), 62.3 (C-6 D ), 54.6 (C-2 D ), 23.5 (IC, 
NHOOCH,), 21.1, 21.0, 20.8 (3C, OOCHj), 19.0 (C-6 C ), 18.4 (C-6 A ), 18.2 (C-6 B ). 
FABMS of Cw^HhtNOh (M, 1913.1), m/z 1936.2 [M+Na]*. Anal. Calcd. for CmHhtNOj, : 
C, 68.90 ; H, 6.50 ; N, 0.77. Found C, 68.64 ; H, 6.66 ; N, 1.05. 
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Mol.Wt.: 1917,33 
C 64,52; H 5.94: CI 5.55; H 1.46; O 22.53 



(2-acetamido«3 f 4»6-tri-0-Metyl-2-^^ 
I^rhamnopyranosyl)-(1^2H3,4-di-0-benzyl-a^ 
tetra-O-beii^I-a-D-glucopyranosyl-^ 
trichloroacetimidate (X), 

l,S^Cyclooctadtene-bis(inethyldiph^ hcxafluorophosphate (25 mg, 29 ji 

mol) was dissolved tetrahydrofuran (5 mL), and the resulting red solution was degassed in an 
argon stream. Hydrogen was then bubbled through the solution, causing the colour to change 
to yellow. The solution was then degassed again in an argon stream. A solution of 7 (1.0 g. 
0.5S mmol) in tetrahydrofuran (1 0 mL) was degassed and added. The mixture was stirred at rt 
overnight, then concentrated to dryness. The residue was dissolved in acetone (5 mL), then 
water (I mL), mercuric chloride (140 mg) and mercuric oxide (120 mg) were added 
successively. The mixture protected from light was stirred at rt for 2 h and acetone was 
evaporated. The resulting suspension was taken up in DCM, washed twice with 50% aq KI, 
water and said aq NaCl, dried and concentrated. The residue was cluted from a column of 
siHca gel with 2:1 petroleum ether-EtOAc to give the corresponding hemiacetal. 
Trichtoroacetonitrile (2.5 mL) and DBU (37 yd.) were added to a solution of the residue in 
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anhydrous dichloromethane (12.S mL) at 0°C. After 1 h, the mixture was concentrated. The 
residue was eluted from a column of silica gel with 5:4 cyctohexane-EtOAc and 0.2 % EtjN to 
give X as a white foam (0.9 g, 85 %); [<x] D +10° (c 1 , CHCfc). 

'HNMR (CDCls):5 8.70 (s, 1H, ONH), 8.00-7.00 (m, 45H, Ph), 6.36 (d, 1H, J Xi = 2.6 Hz, 
H-lc), 5.59 (m, 2H, N-Ho, H-2c), S.13 (d, 1H, J u - 1.0 Hz, H-UI, 5.01-4.98 (m, 2H, H-l* 
1b), 4.92 (dd, 1H, H-3 0 ), 4.90 (dd. IH, H-4©), 4.68 (d, 1H, H-l»), 5.00-4.02 (m, 19H, 8 
Cfi&Ph, H-3 C , 2*, 2 a ), 4.01 (dd, IH, H-2 B ), 4.00-3 JO (m, 16H, H-3 E , 4e, 5e, 6a E , 6bs, 4 C , 5 C , 
3 8 , 4 B , 5 B , 3a, 4 a , 5a, 5o, osd, 6bp), 2.02, 2.00, 1.75, 1.65 (4s, 12H, OOCH,), 1,40, 1 32 and 
1.00 (3d, 9H, H-6 A , 6b, 6 C ). W C NMR (partial) (CDClj):6 170.2, 169.9, 169.3, 168.7, 164.9 
(6C, OO, 0=N), 103 2. (C-1 D ), 101.4 (2C, C-1 A , 1 B ), 99.0 (C-Ib), 94.8 (C-l c ), 21.1, 20.9, 
20.8 (3C, CHjOO), 19,1, 18.2 (3C, C-6 A , 6b, 6 c ). FABMS of C,o 3 H m Cl 3 N a 0 2 7 (M, 1917.4), 
mk 1930.9 [M+Na]*. Anal. Cakd. for C, 0 iH„jCijNiOat : C, 64.52 ; H, 5.94 ; N, 1.46. Found 
C, 64.47 iH, 5.99 ;N, 1.45. 
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Antigenicity des Oligosaccharides Synth&iques 
(ICsd - ELISA d'inhibition) 

Shigella fltxnerl 5a : 

La reconnaissance oUgosaccharides/anticorps a && SvaluSe par ELISA (Enzyme-Linked 
Immunosorbent Assay) d'inhibition, qui sans donner acces k une constante d'affinite 
« absolue », permet de comparer ais&nent et rapidement un grand nombre de ligands. II 
apparalt que le r&idu glucose £ est indispensable k la reconnaissance quelque soit Fanticorps 
£tud& En outre, les constantes d'inhibition (IC50) les plus fevorabies sont obtenues pour ies 
pentasaccharides. Les donn€es dispanibles indiquent que : 

- les sequences CDA(E)B-OMe et DA(E)BC-OMe sont les mieux reconnues par les IgA IS 
et IgA C5, avec des IC$ 0 de l'ordre de 25 mM. 

- le trisacchartde A(E)B-OMc (IC 50 * 1,3 mM), correspondant au site de ramification, semble 
d^finir la structure minimale nfcessaire k la reconnaissance par llgO C20. Mais, le 
pentasaccharide DA(E)BC-OMc (IC50 = 25 nmol) correspond k la sequence la mieux 
reconmie panni ceiles testes. 

Ces r^suhats consent parfeitement avec les donnSes d'analyse conformationnelle. Lc 
pentasaccharide DA(E)BC-OMc est, k ce niveau d'Stude, le plus repr&entatif de rantigdnicitS 
du PS de & flexneri serotype 5a, D'autre part, la difference d'affinte pour les oligosaccharides 
synth&iques observee entrc IgQ sdrique et IgA sScrftoires (slgA) est rernarquable. Par 
anatogie avec le mode de reconnaissance des antigenes polym&iques par les 
immunoglobulines d'isotype M, Fhypothfae a 616 6mise que le caract&e dim&ique des slgA 
irapliquait xui phinomene d'avidit* compensant la feible affinitd inlrinsfcque des sites dc 
reconnaissance- Les donnges quant a la reconnaissance sIgA:LPS valident cette hypothfcse. 

L'dtude des complexes slgA/oligosaccharides en solution a <Ste affinfe par RMN a I'aide 
de deux techniques particuUerement performantes et compWmentaires (0 les experiences de 
NOE-transfiWs et (ii) les expgriences de transfert de saturation (STD-RMN), compatibles 
avec la faible affinitd des slgA pour les pentasaccharides. 

Les doimees de M.-J. Ctement (Tbfcse Mars 2003, Unite de R&onance Magn&ique 
Nucteaire des Biomol&ules), obtenues sur les sequences DA(E)BOOMe et CD A(E)B-OMe, 
indiquent que les pentasaccharides en interaction avec les IgA conseivent la conformation 
moyenne qu'ils adoptem sous leur forme librc. II apparait dgalement que les atomes 
d'hydrogene portis par ie glucose E et le rhamnose B sont tous en interaction directe avec les 
anticorps. Dans leur ensemble, les rfeultats sont en feveur d'une contribution directe a 
rinteraction dc chacun des rtsidus composant les pentasaccharides et sous-entendent que les 
slgA accommodent un Epitope relativement large. En accord avec les donn&s de IC50 
obtenues pour IlgG C20, ces r&ultats confirment 6galement que le site de ramification A(E)B 
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reprfsente la sequence critique pour la reconnaissance du PS de & flexneri 5a par les anticozps 
monoclonaux protecteurs. 

Shigella flexneri 2% : 

Comme en s£rie £ flexneri serotype Sa, la reconnaissance oligosaccharides/anticorps a 6te 
evaluee par EUSA d'mhibition. Quatre des cinq IgO evaluSs semblent avoir un comportement 
trfcs proche en terme de reconnaissance du LPS et different de celui du quatri&me, 1'IgG F22- 
4, plus affin. Cependant quelque soit Panlicorps pris en consideration, le rdsidu D-glucose E 
et Ie residu iV-acityl-D-glucosamine D semblent tous deux indispensables & la reconnaissance. 
Ainsi, la sequence minimale reconnue par TlgG F22-4 est 1c trisaccharide ltndaiie ECD- 
OMe. D'une importance moindre puisque non reconnue en tant que telle k la concentration de 

I xnM (absence de reconnaissance du pentasaccharide DAB(E)C-OMe par exemple), la 
ramification B(E)C joue e*galement un rdle critique. En comparaison, la contribution du 
r6sidu A a la reconnaissance semble faible si celui-ci est introduit a rextremite reductrice des 
sequences ECD-OMe et B(E)CD-OMe. 

Comme illustre pour l'octa- et le decasaccharide, r elongation de la chatne k rextremite 
reductrice par introduction de la sequence B(E)C am£liore grossftrement la reconnaissance 
pour quatre des anticorps d'un factcur 5. II est vraisemblable que la contribution impliqu^e est 
de type confbrmatioimcl et non pas interaction directe, En revanche, une amelioration d*un 
facteur 30 est absence pour TlgG A-2. II est possible que ce dernier accommode un epitope 
plus long. La comparaison des donates obtenues pour Tocta- et le pentasaccharide indique 
que dans Tensemble, la contribution de la sequence DA est minime, voire negative dans le cas 
derigGF22-4. 

En permettant la couverture complete des sequences obtenues par permutation circulate 
des rfsidus composani Tunite repetitive de TAg-0 de & flexneri 2a, revaluation des deux 
pentasaccharides ECDAB-OMc et AB(E)CD-OMe apportera des elements deformation 
coropiementaires & notre etude. A ce stade, nos r6sultats suggerent que quatre des cinq IgGs 
disponibles reconnaissent, avec une affinity plus ou mo ins bonne, une sequence minimale 
commune (B(E)CD) qui peut tee qualifide d* « epitope immunodominant », Dans tous les cas, 

I I elongation de la chaine ameiiore la reconnaissance. Cette observation suggere que les 
anticorps reconnaissent un epitope presente de fccon multiple le long du polymire (17 unites 
repltitives en moyenne) et non pas unique en bout de chatne. 
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Antigenicity des olio saccharides synthetiques 
aCso-ELISA d'inhibitlon) 

Shigella flexneri 2a : 

L'dtude de la reconnaissance, en ELISA d'inhibition, de Tensemble des di-, tri-, tdtra- 
et pentasaccharides obtenns par permutation circulate des r&idus composant Funite 
r£p£titive (AB(E')CD) de i*Ag*0 de & flexneri 2a, et sp&ifiques de ce serotype, par cinq 
anticorps monoclonaux d'isoptype G, sp^cifique de S. flexneri 2a et protecteurs a &6 
complete (Annexe 3)» Deux groupes d'anticorps peuvent Stre distinguSs. Tout d'abord F22- 
4, une IgGl qui est le seul anticorps & reconnailre les oligosaccharides lin£aires E'CD, 
E'CDA et E*CDAB. Pour les quatre autres anticorps, le residu B est requis pour observer une 
inhibition & une concentration en ligand inflSrieure k 1 iriM. Ainsi, la sequence B(E*)CD 
apparalt comme la sequence minimale pcrmettant d'observer une inhibition k une 
concentration en ligand inf&rieure k 1 mM quelque soit Fanticoips. Compar^e k la 
contribution des rcsidus B, E, C et D, Tinfluence du residu A sur la reconnaissance, evalute 
par elongation du fragment B(E*)CD k son extr^mite 1 r&iuctrice ou non r^ductrice, semblc 
relativement minime. Toutefois, les pentasaccharides AB(E')CD et B(E')CI>A sont les 
sequences les mieux reconnues par 1' ensemble des anticorps. 

Les haptfcnes sekctionnes pour les dtudes d'immunogdnicite sont les sequences E 5 CD, 
B(E')CD et AB(E 9 )CD qui repr&ente Tunit6 repetitive de Fantigene O (Ag-O). 



Afin d'analyser la contribution de reaidus additionnels dans la reconnaissance de ia sequence 
minimale par les anticorps, Foctasaccharide B(E')CDAB(E 5 )C et le dScasaccharide 
DAB(E*) CDAB(E*)C ont ete synth&ises. En moyenne, 1'elongation a Fextremitd rtductrice 
de B(E')CDA par B(E f )C pour conduire a Foctasaccharide amfltore teg&rement la 
reconnaissance. II en est de m£me de Felongation de 1'octasaccharide a son extrdmitc non 
ntductrice par Ia sequence DA pour conduire au d£casacchartde. Le cumul des deux 
contributions correspond & un gain en reconnaissance superieur k un log pour r ensemble des 
anticorps excepts PlgG F22-4. Pour ce dernier, la sequence la mieux reconnuc correspond a 
Foctasaccharide. L'influence de la longueur de la chaine est done manifesto, elle doit etre 
prise en compte dans les etudes d'iimnunog&ricite. 
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INHIBITION EUSA 
PROTOCOLS 

OhtentioncfIgGC20 

Mice were immunized intraperitoneally with 10 s killed S. Jlexneri 5a bacteria* Those 
developing an anti-Si Jlexnert Sa LPS antibody response were used for the obtention of 
monoclonal antibodies as previously described (Kohler and Milstein). The hybridoma 
obtained were tested for the production of a monoclonal antibody specific for S. flexneri 5a 
LPS by EL1SA using purified LPS from different & Jlexneri serotypes. Only monoclonal IgG 
recognizing exclusively LPS 5a were selected. 

Inhibition EUSA. 

First of all, a standard curve with IgGC20 was established. Different concentrations of the 
antibody was incubated at 4°C overnight and then incubated on microtiter plates coated with 
purified Shigella flexntri Sa LPS at a concentration of 5pg/ml in carbonate buffer at pH 9.6, 
and previously incubated with PBSvBSA 1% for 30 nun at 4°C. After washing with PBS- 
Tween 20 (0.05%), alkaline phosphatase-conjugatcd anti-mouse IgO was added at a dilution 
of 1:5000 (Sigma Chemical CO,) for 1 h at 37°C. After washing with PBS*Tween 20 
(0,05%), the substrate was added (12 mg of p-ntaophenylphosphate in 1.2 ml of Tris, HC1 
buffer ph 8.8 and 10.8 ml ofNaCl 5M). Once the color developped, the plate was read at 405 
nm (Dinatcch MR 4000 raicroplate reader). A standard curve OD= f(antibody concentration) 
was fitted to the quadratic equation Y« aX 2 +bX+c where Y is the OD andX is the antibody 
concentration. Correlation factor (r 2 ) of 0.99 were routinely obtained. 
Then, the amount of oligosaccharides giving 50% inhibition of IgOC20 binding to LPS 
(IC50) was then determined as follows. IgOC20 at a given concentration, (chosen as the 
minimal concentration of antibody which gives the maximal OD on the standard curve) was 
incubated overnight at 4°C with various concentrations of each of die oligosaccharides to be 
tested, in PBS/BSA 1%. Measurement of unbound IgGC20 was performed as described above 
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INHIBITION EUSA 

Shigella Jlexneri serotype 5a 
IgO C20 / synthetio oligosaccharides 

Only, those oligosaccharides which were recognized with an IC50 below I mmol/L are listed. 

A(E)B > lOOOmM pas d'ecan type 
A(E)BC 208 +/- 108 uM 
A(E)BCD 389 +/- 84 uM 
DA(E)B242+/- 25 uM 



DA(E)BC 39+/- 19 uM 
CDA(E)B 268, 5+/- 180 uM 
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The serum immunoglobulin G-mcdiatcd response to scrotype-speciftc determinants of 
Shigella Jlexneri lipopolysaccharidc protects against experimental shigellosis 
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Introduction 

Shigellosis is a major cause of infant morbidity and mortality in developing countries 
but an increasing number of cases in industrialized countries has been recently reported (33), 
Shigella, the causative agent of bacillary dysentery, invades the human colonic epithelial cells 
by manipulating processes that control the host cytoskeletal dynamics (8). 

Host response to bacterial infection is characterized by the development of an acute 
inflammation which is responsible for the destruction of the colonic mucosa and accounts for 
the symptoms observed at the early stage of the disease (53). Acquired humoral immunity 
induced upon primary infection confers protection against re-infection, although the duration 
of the disease-induced immunity seems to be limited. Antibody-mediated protection is 
species- and serotype-specific, pointing out LPS as the major protective antigen (19, 22, 38). 
In feet, species and serotypes among a given species are defined by the structure of the 
repeated saccharide unit that forms the O-Ag polysaccharide part of LPS (35). Other bacterial 
antigens, as for example the invasins IpaB and IpaC, are recognized by sera from 
convalescent patients (18, 45, 46, 63), but their contribution to protective immunity is poorly 
documented. 

Both intestinal SIgA and serum IgO directed against the O-Ag are elicited (13, 28, 31, 
69). However, the respective protective roles of local and systemic humoral immunity remain 
unclear. The ineffectiveness of parenterally injected inactivated whole-cell vaccines in 
inducing protection, despite the high level of anti-LPS serum IgG antibodies raised, has led to 
the belief that serum antibodies do not confer protection (21, 25). However, several indirect 
pieces of evidence suggest that anti-O-Ag serum IgO may confer protection during natural 
infection. A correlation was found between the level of anti-LPS IgG antibodies and 
resistance to shigellosis among Israeli soldiers (14, 15), and an inverse relationship exists 
between the age of incidence of shigellosis and the presence of IgG antibodies to Shigella 
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LPS (47, 63). In addition, a detoxified LPS-bascd conjugate vaccine administered parenterally 
and eliciting mainly, if nat only, serum antibodies has been shown to induce protective 
immunity (16). 

The use of experimental models of shigellosis has allowed the study o£ at least in part, 
Shigella specific humoral immunity. The rabbit ileal loop model has been used to assess 
SIgA-mediated antibody response (3 1, 32), and more recently, the mouse model of pulmonary • 
infection has been developed (51, 66). Following i.nu administration of bacteria, mice develop 
an acute broncho-pneumonia leading to massive destruction of the lung tissues. This response 
mimics the acute inflammation developed in intestinal tissues in the course of shigellosis. 
This model has been used to assess the immunogenicity and protective capacity of different 
Shigella vaccine candidates, either live attenuated strains administered La, or subunit 
vaccines administered parenterally (3, 34, 36, 65). Using this model, we have demonstrated 
that the IgA-mediatcd immune response specific for a serotype-specific determinant is 
sufficient to confer protection, (51), with an improved protective capacity of the IgA when 
bound to secretory component (52). In the current study, using the same experimental model 
and specific polyclonal serum or mlgG, we have addressed the protective rote of serum IgO 
recognizing serotype-specific LPS determinants or peptide epitopes on the invasins IpaB and 
IpaC. 
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Materiab and Methods 

Bacterial strains 

M90T, an invasive isolate of S. Jlexneri serotype 5a, and 454, an invasive isolate of S. Jlexneri 
serotype 2a, were the virulent strains of reference. For In. infection, bacteria were routinely 
grown on Luria Bertoni agar plates at 37°C They were recovered from plates and bacterial 
dilutions were performed in 0.9% NaCl with the consideration that, for an optical density of 1 
at 600 ran, the bacterial concentration was 5 x 10* c.£u7mL Killed bacteria fbr systemic 
immunizations were prepared from bacterial cultures at stationary phase, diluted to 5 x 10 8 
c.£u. /ml in 0.9% NaCl, and then incubated at 100°C for lh. They were then kept at -20°C in 
aliquots. 

Production and characterization ofmAbs specific for S. Jlexneri LPS 
BALB/c mice were immunized i.p. with 10 7 ctu. of killed & Jlexneri 5a or £ Jlexneri 2a 
bacteria three times at 3 week-intervals. Mice eliciting the highest anti*LPS antibody response 
were given an intravenous booster injection 3 days before being sacrificed for splenic B cell 
fusion according to Kohler and MU&tein (30). Hybridoma culture supematants were screened 
for antibody production by EUSA using purified 5, Jlexneri 5a or 2a LPS. We selected only 
the hybridoma cells secreting mlgO reacting specifically with LPS homologous to the strain 
used for immunization, t e. recognizing serotype-specific determinants on the LPS O-Ag. 
Those selected were then cloned by limiting dilution, and injected L p. into histo compatible 
mice for ascitis production. mlgO were preoipitated with 50% ammonium sulfate from ascitis 
fluid, centrifuged, and dialysed against PBS before being purified using ion-exchange 
chromatography as previously described (2 4 50). The avidity of anti-LPS mlgO was 
determined as follows: various concentrations of LPS were incubated in solution overnight at 
4°C with a defined amount of a even mlgO until equilibrium was reached. Each mixture was 
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then transferred to a microtiter plate previously coated with homologous purified LPS. Bound 
antibodies were detected by using pcroxidase-conjugated anti-mouse immunoglobulins 
specific for IgQ subclasses. ICso was defined as the concentration of LPS required to inhibit 
50%ofmIgG binding. 
Active and passive immunization of mice 

To obtain polyclonal serum, mice were immunized i.p. with 5 x 10 7 killed bacteria, three 
times at 3 week-intervals. After bleeding, anti-LPS antibody titer in the polyclonal sera was 
measured by ELISA, as described below, and those ranging from low (1/4,000) to high titer 
(1/64,000) were used for In. passive transfer. Purified mAbs (20 or 2 were also 
administered intranasally. All i.a administrations were performed using a volume of 20^1 and 
mice previously anesthesized via the intramuscular route with 50jxl of a mixture of 12.5% 
ketamine (Merial, Lyon, France) and 12.5% aceproroazine (Vetoquinol, Lure, France). Each 
experiment was performed using 10 mice per group and was repeated three times. 
Protection experiments 

Intranasal challenge was performed using either 10 9 live virulent bacteria when protection 
was assessed by mortality assay or 10 8 bacteria when protection was assessed by 
measurement of the lung-bacterial load. Naive mice were used as controls in each experiment. 
Mice immunized i.p. were challenged in. with virulent bacteria, 3 weeks after the last 
immunization, Mice passively transferred La with polyclonal sera or with purified mAbs 
were challenged Ih after administration of the mAbs, Measurement of lung-bacterial bad was 
performed at 24h post infection as follows. Mice were sacrificed by cervical dislocation and 
lungs were removed « en bloc » and ground in 10 ml sterile PBS (Ultra Turrax T25 apparatus, 
Janke and Kunkel ECA Labortechnik GmbH, Staufen, Germany). Dilutions were then plated 
on Trypticase Soy Broth plates for c.f,u. enumeration. 
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ELBA 

Hybridoraa culture supematants were tested by ELISA for the presence of anti-LPS 
antibodies as previously described (2, 50) except that LPS purified according to Westphal 
(67) was used at a concentration of Sjig/ml in PBS. As secondary antibodies, anti-mouse IgG- 
or IgM- or IgA-alkaline phosphatase- labeled conjugate (Sigma) were used at a dilution of 
1;5,0G0. To measure the anti-LPS antibody titer in polyclonal serum, Kotin-Iabeled Abs to 
IgQ and its different subclasses (IgGl,-2a, -2b, -3) (Phanningen) and avidin conjugated with 
alkaline phosphatase (Sigma) were used at a dilution of 1 :5,000. Antibody titers were defined 
as the last dilution of the sample giving an OD at least twice that of the control. 
Hist o path ologicai studies 

Mice were anesthesized, their trachea catheterized, and 4% formalin injected in order to fill 
the bronchoalveolar space. Lungs were then removed and fixed in 4% formalin before being' 
processed fi>r histopathological studies. Ten-micrometer paraffin sections were stained with 
Hematoxiline and Eosin (HE), and observed with a BX50 Olympus microscope (Olympus 
Optical, Europa, GmbH, Hamburg, Germany). 
Statistical analysis 

Significant differences were compared using the Student's test. Probability values < 0.05 were 
considered significant. 
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Results 

1) Protection conferred upon systemic immunization or Intranasal administration of 
specific immune serum. 

Firstly, to address the role of the systemic anti-LPS IgG antibody response in 
protection against the mucosal infection, we assessed the protection conferred against La 
challenge with a lethal dose of S. jlexmrx 2a bacteria in mice immunized Lp. with the 
homologous killed bacteria. Antibodies induced upon such an immunization were mainly 
anti-LPS IgG antibodies (data not shown) with all the IgG subclasses similarly elicited 
(Figure 1A). No mucosal response was elicited, as reflected by the absence of anti-LPS 
antibody response detectable in the bronchoatveolar lavage of immunized mice. Only 40% of 
the immunized mice survived the i.n. challenge* whereas 100% of naive mice succumbed. The 
low efficacy of systemic immunization in inducing protection could be due to either the 
inability of anti-LPS IgG to be protective or the absence of the protective antibodies (or their 
presence but in insufficient amount) in the mucosal compartment at the time of in. challenge. 

We, therefore, tested whether the anti-LPS IgG antibodies may confer protection if 
present locally prior to mucosal challenge. Polyclonal sera exhibiting different anti-LPS 
antibody titers were intranasally administered to naive mice lh prior to In. infection with a 
sublethal dose of S. ftexnert 2a bacteria. Protection was assessed by the reduction of the lung- 
bacterial load in comparison to control mice and mice receiving preimmune serum. In contrast 
to control mice and mice receiving preimmune serum, naive mice receiving anti-LPS IgG 
serum showed a significant decrease of the lung-bacterial load. The reduction was dependent 
on the amount of anti-LPS IgG antibodies administered as reflected by the anti-LPS antibody 
titer of the immune serum used for passive transfer. Thus, the highest reduction was obtained 
with serum having the highest anti-LPS antibody titer (1/64,000) (Figure IB, c) (p=S x 1 0'* in 
comparison to mice receiving preimmune serum). However, in mice receiving immune serum 
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with lower anti-LPS antibody titer (1/16,000 and 1/4,000) (Fig. IB, a and b), even if less 
efficient, the decrease of the bacterial load was still significant in comparison to mice 
receiving preimmune serum (p = 0, 027 and 0, 015, respectively). 

These results demonstrated that, if present locally at the time of mucosal challenge, the 
anti-LPS IgG antibodies were protective, thus limiting bacterial invasion. 

2) Protective capacity of mAbs specific for A flexneri 2a serotype determinants and 
representative of the different IgG subclasses 

Depending of the infecting strain, different subclasses of IgG specific for LPS are induced 
following natural Shigella infection (28). To test whether the different anti-LPS IgG 
subclasses exhibit similar protective capacity, marine mlgG specific for serotype determinants 
on the O-Ag and, representative of each of the four murine IgG subclasses were obtained. We 
selected 5 mlgG specific for & flexmri 2a LPS : mlgG F22 (IgGl), mlgG DIS (IgGl), mlgG 
A2 (IgG2a), ntfgQ E4 (IgG2b) and mlgG CI (IgG3). The avidity of each mlgG for LPS, 
defined by IC50, ranged from 2 to 20 ng/ml. To analyse the protective capacity of the selected 
mAbs, naive mice were administered in, with each of the purified mlgG prior to in. 
challenge with a S. flexncri sublethal dose. Upon challenge, lung-bacterial bad in mice 
passively administered with 20 fig of each of the mlgG specific for K flexmri 2a LPS was 
significantly reduced in comparison to mice receiving PBS (Fig. 2A), Upon passive transfer 
using 2fig of mlgG, only mlgG DIS, A2 and E4 were shown to significantly reduce the lung- 
bacterial bad in comparison to control mice, but with much less efficiency than that observed 
using 20jig (Fig. 2A)» As shown in Figure 2B, reduction of lung-bacterial load in mice 
receiving 20 ng of mlgG was accompanied by a reduction of inflammation and therefore of 
subsequent tissue destruction. In comparison to control mice showing an acute broncho* 
alveolitis with diffuse and intense polymorphonuclear cell infiltration (Figure 2B, a, b) 
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associated with tissular dissemination of bacteria (Figure 2B, c), only restricted areas of 
inflammation were observed, essentially at the intra- and peribronchial level (Figure 2B, d> e), 
where bacteria localized (Figure 2B,/). Following passive administration with 2fig of mlgG, 
inflammation resembled that of the control mice with a similar pattern of PMN infiltration 
and tissue destruction, in accordance with the very low, if any. reduction in lung-bacterial 
load (data not shown). 

3) Serotype-spectfic protection induced by the auti-LPS mlgG 

Antibodies specific for epitopes common to several serotypes of a given species as well as 
serotype-specific antibodies are elicited upon natural or experimental infection (58, 64). 
However, the serotype-specific protection observed following natural or experimental 
infection suggests that the antibodies directed against serotype determinants play a major 
protective role (19, 38). For instance, mlgA specific for & flexmrl serotype 5a has been 
shown to protect only against homologous challenge (51). We, therefore, tested whether the 
protection observed with the anti-LPS mlgG obtained in this study was also serotype-specific 
Mice passively administered with 20 jig of mlgG CI specific for S.Jlexneri 2a were protected 
against homologous challenge, but not upon heterologous challenge with S. flexneri 5a 
bacteria (Fig. 3A). Similarly, mice receiving 20 \ig of mlgG C20 t a mAb specific for £ 
flexneri serotype Sa and, of the same isotype than mlgG CI, Le. IgG3, showed a significant 
reduction of lung-bacterial load upon In. challenge with SJlexneri 5a, but not with £ fiexneri 
2a (Figure 3A). In mice protected against homologous challenge, inflammation was 
dramatically reduced with a slight intra- and peribronchial PMN infiltrate remaining present 
(Figure 3B, 6 and c). In contrast* in mice not protected upon heterologous challenge (Figure 
3B, o and d) % inflammation and tissue destruction were similar to those observed in control 
mice (Figure 2B, a and ft). 

a 
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4) Protective capacity of mlgG specific for $. flexneri invasins 

The invasins IpaB and IpaC are essential to the expression of the Shigella invasive 
phenotype (39). Moreover, they are targets for the humoral response since antibodies specific 
for both proteins are detected in sera of patients convalescent from shigellosis (18, 45, 46, 63). 
To assess whether the anti-invasin antibody response may contribute to protection, in addition 
to the anti-LPS antibody response, we used mlgG recognizing different epitopes on IpaB or 
IpaC (2, 50). Whatever the dose used, in contrast to mlgG C20, no reduction in lung-bacterial 
load was measured upon challenge in mice treated with mlgG HI 6 and mlgG H4 recognizing 
distinct epitopes in the central region of IpaB or with mlgG J22 and mlgG K24 recognizing 
the N- and the C-tennini domain of IpaC, respectively (Figure 5). Protection was also not 
observed upon combining anti-IpaB and anti-IpaC mlgG (data not shown). 
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Discussion 

To date, the respective roles of local and systemic humoral immune responses specific for 
LPS O-Ag in protection against Shigella infection remained unclear, although this question is 
crucial for the design of accurate vaccine candidates. Indirect evidence has suggested a 
protective role &r anti-UPS IgG (14, 15, 16, 34, 47, 63). We demonstrate here for the first 
time, using polyclonal serum and specific mAbs, that the systemic IgG-mediated response 
specific for serotype determinants carried by LPS O-Ag confers protection against mucosal 
infection, if present locally at the time of bacterial challenge. 

LPS has been recognized for a long time as the major protective antigen (19, 22, 38). 
However, the question of the protective role of the antibody response to bacterial proteins 
remains unanswered. Among the proteins recognized by sera from patients convalescent from 
shigellosis, IpaB and IpaC, the invasins involved in the entry of bacteria into eraerocytes, are 
two major antigens. Only indirect evidence suggested that the systemic response to these two 
virulence factors was not essential for protection (16). We show here that mlgO specific for 
IpaB or IpaC are not protective despite the foot that they are directed against epitopes located 
in different regions of these proteins (2, 50) and that they have been shown to interfere with 
their functional properties in in vilro studies (4, 40). The most likely explanation is that these 
invasins, that are secreted through the type III secretion apparatus, are injected straight into 
the host cell, upon contact of the bacterium with the cell membrane (6, 41). Therefore, there is 
probably very limited access, if any, for specific antibodies to interact with their targets. 
Although not tested, it is unlikely that the local SIgA-mediated response to these proteins will 
be protective. 

In the past, several sets of mAbs of M or G isotype specific for Shigella species have been 
produced. They are directed against the O-Ag of S sonnet (1), of S. dysenteriae { 20, 56, 60) 
and, of S. flzxmri (9, 10 11, 24, 26, 60). However, as the goal was to develop diagnostic tests 
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for Shigella identification (12, 27), their protective properties have not been investigated. 
Except for a few (42, 43), the sequence of the Vh and V L genes is unknown- Similarly, the 
oligosaccharide determinants they recognize have not been characterized, except -for 2 mAbs 
specific for S. dysenteriae 1 (43, 49). Thus, for a better understanding of carbohydrate 
antigen/antibody .interactions, we are currently characterising the fine specificities of 
recognition between the mAbs obtained in this study and the O-Ag they recognize. 

To obtain mlgG, hybridoma cells were selected, upon cell fusion, on the basis of their 
secretion of mAb recognizing determinants specific for the S. flexneri serotype used for 
immunization, i.e. serotype 2a and serotype 5a, respectively. During the screening, we 
observed that most of the hybridoma cells tested (about 90%) were secreting serotype-specific 
mAbs, This result slightly differs from previous reports showing the obtention of mAbs 
directed to determinants common to several & flexneri serotypes including 2a and 5a (1 1, 24), 
However, it may be explained by recent new insights on bacterial O-Ag conformation. For 
instance, in the case of £ dysenteriae 1, the a-L-Rhap»(l-->2)- a-D-Galp disaccharide 
represents the major antigenic epitope on the O-Ag. Interestingly, in the proposed 
conformational model of £ dysenteriae 1 O-Ag, which is a left-handed helical structure, the 
galactose residues protrude radially at the helix surface, therefore resulting in a pronounced 
exposure of both the galactose and the adjacent rhamnose of each repeating unit (44). A 
similar result has been obtained in our hands with the O-Ag of S. flexneri 5a. In that case, the 
branched glucosyl residue specifying this serotype and required for recognition by serotype- 
specific antibodies (L. Mulard and A. Phalipon, personal communication) points out of the 
surface of the helix, which exhibits a right-handed three-fold helical structure (M. J. Clement 
and M Delepierre, personal communication ). Therefore, we may reasonably hypothesize that 
these peculiar sugar residues repeatedly exposed at the O-Ag surface, and therefore at the 
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bacterial surface, preferentially trigger B cell receptor-mediated recognition, thus leading to 
the induction of a predominant anti-serotype specific antibody response. 

In humans, depending on the infecting strain, different subclasses of IgG specific for LPS 
are induced following natural Shigella infection (28). For instance, £ flexneri 2a and £ 
dysenteriae I preferentially induce lgG2, whereas £ sonnet mainly induces IgGl. Similarly, 
upon vaccination with giycoconjugalc vaccines using detoxified LPS from £ flexneri 2a and 
£. sonnei, the same pattern is observed, IgG2 and IgGl, re^ectively. These antibodies may 
confer protection by different pathways involving or not the complement cascade. In the 
present study, all the different murine IgG subclasses were shown to be protective, suggesting 
that depending on the subclass, different mechanisms may be involved in IgG-mediated 
protection. Whereas antibody-dependant cellular cytotoxicity (ADCC) has been reported for 
ShigeUaspeciRc secretory IgA and lymphocytes from the gut-associated lymphoid tissues 
(61), Shigella IgG-mediated ADCC occurs in vitro with splenic T cells but not with T 
lymphocytes from the GALT (62). Further studies using mice deficient for T cells or for 
proteins of the complement cascade will be required to analyze the IgG-mediated protective 
mechanisms in vivo. 

The protective role of the serotype-specific antibody response has been firstly emphasized 
in a study using a monoclonal dbneric IgA (mlgA) specific for a £ flexneri serotype 5a 
determinant (SI). Here, we demonstrate that mlgGs specific for £ flexneri serotype 2a or 
serotype Sa also confer serotype-specific protection. It seems that whatever the antibody 
isotype and the bacterial strain, the serotype-specific antibody response is protective against 
homologous bacterial challenge. It should be noted that using the same amount of mlgA and 
mlgG specific for £ flexneri Sa, both exhibiting a similar IC$ 0 for LPS, reduction in lung- 
bacterial load was much more efficient with mlgA. Actually, in contrast to mlgG, protection 
was observed in the presence of 2jig of mlgA. The discrepancy between the two isotypes may 



14 



CA 02434685 2003-07-04 

SemmJgG pnpicr«bicvot 

be due to the dimeric/polymeric (d/p) form of ralgA, which mimicks the IgA response at the 
mucosal surface. In contrast to monomeric IgG, interaction of d/p IgA exhibiting at least four 
antigen-binding sites with a specific determinant highly repeated on the bacterial O-Ag 
surface may lead to the formation of aggregates that are efficiently removed by local physical 
mechanisms (17), Also, quantitative assessment of IgG and IgA subclass producing cells in 
the rectal mucosa during shigellosis in humans has revealed the predominance of the IgA 
response. The IgG response which is about SO times lower than the IgA response is mainly 
Ig02 and correlates with the presence of specific IgG2 in serum. This correlation suggests 
that the majority of the Shigella specific serum antibodies are derived from the rectal mucosa 
(29). Together, these results suggest that in the situation where both local and systemic anti- 
LPS antibody responses are induced* as for example upon natural infection, the local SlgA- 
mediated response will be the major protective response, with the IgG-mediated response 
possibly contributing to a lesser extent to local protection. 

On the other hand, our data suggest that in the absence of local SIgA-mediatcd 
response, as fbr example upon vaccination via the systemic route using glycoconjugate 
vaccines, the systemic anti-O-Ag response induced is effective in protecting against 
homologous Shigella infection, if the effectors axe present locally. Previous reports have 
shown that serum IgGs may protect from gastrointestinal infections (7, 54). Therefore, it 
should be admitted that serum IgG efficiently gain access to the intestinal barrier in order to 
prevent bacterial invasion and dissemination. How IgG crosses the epithelial barrier to 
function in mucosal immunity remains unclear. One possible pathway is passive transudation 
from serum to intestinal secretions (5, 37, 67). After its passage of the intestinal barrier 
through M cells and its interaction with resident macrophages and epithelial cells, Shigella 
initiates an inflammatory response leading to infiltration of the infected tissues with 
polymorphonuclear cells (S3). We may therefore reasonably envision that specific serum IgGs 
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transudate to the intestinal tissue during this inflammatory process that occurs very soon after 
bacterial translocation. Another explanation could be the involvement of the FcRn receptor in 
IgG transport. FcRn was firstly identified as the Fc receptor responsible for transferring 
maternal IgGs from mother's milk across the intestinal EC of the neonatal gut of rodents. 
Much evidence supports the concept that FcRn is ubiquitously expressed in adult tissues and 
pJays a role in IgG homeostasis, dealing with IgG half-life (73). It has been recently reported 
that this receptor is expressed by enterocytes in human adults and mediates transcytosis of . 
IgG in both direction across the intestinal epithelial monolayer (57). Further investigation is 
required to improve our knowledge on the role played by FoRn in IgG-mediated protection of 
the intestinal barrier against enteropathogens. Nevertheless, the existence of such a pathway 
already enlarges the current view of the humoral response at mucosal surfaces. 

To conclude, our data are in favor of the hypothetical concept proposed by Robbins et 
aL staling that protection against bacterial enteric diseases may be conferred by serum IgG 
antibodies to the O-Ag of their bacterial LPS (59). The demonstration of the protective role 
of anti-LPS IgG-mediated systemic response against Shigella infection supports vaccine 
approaches based on detoxified LPS/protein glycoconjugate vaccines administered 
parenterally (47). In addition, the serotype-specific protection suggests that, upon their 
characterisation, the protective serotype-specific determinants for prevalent Shigella strains 
could be suitably combined in order to develop a multivalent synthetic vaccine for parenteral 
vaccination, since promising results have been recently obtained with synthetic 
oligosaccharides as immunogenic conjugates (55). 
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Legends of figures 

Figure 1 1 Protection conferred by immune serum specific tor S.flexnert 2a LPS 
intranasal^ administered prior to i.n. challenge. 

A) Serum IgG subclasses elicited in mice upon Lp. immunization with killed S. flexneri 2a 
bacteria. — represents the mean value of the antibody titer (n=lO mice). 

B) Protection assessed by reduction of lung-bacterial load in mice receiving zx^Sflexneri 2a 
LPS immune serum raised upon i.p. immunization, lh prior to in. challenge with a sublethal 

dose of S. flexneri 2a bacteria, a. b, c, correspond to immune sera exhibiting an anti-£ 
flexneri 2a LPS IgG antibody titer of 1/4,000, 1/16,000 and 1/64,000, respectively. Standard 

deviation is indicated (n=10 mice per group). 

Figure 2 : Protection conferred by different subclasses of mlgG specific for S. flexneri 2a 
serotype determinants. 

A : mice receiving intranasally 20ug and 2ug of purified mlgG, respectively, lh prior to i .n. 
challenge with a sublethal dose of & flexneri 2a. Lung-bacterial load was expressed using 
arbitrary units with 100 corresponding to the bacterial count in lungs of control mice. 
Standard deviations are represented (n=10 mice per group). 

B : Histopathological study of mouse lungs. Upper row : control mice. Lower row : mice 
receiving mlgG. HE staining : a and d magnification x 40 ; b and e magnification x 100. 
Immunostaming using an anti-LPS antibody specific for S. flexneri serotype 2a: c and / 
magnification xl 00. 

Figure 3: Scroiype-specific protection conferred by the anti-LPS mlgG. 

A : Mice were receiving in. 20ug of each of the purified mlgG, C20 and CI, lh prior to in. 

challenge with a sublethal dose of S. flexneri serotype 2a (A) or serotype 5a (B) bacteria. 
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Lung-bacterial load was expressed using arbitrary units with 100 corresponding to the 
bacterial count in lungs of control mice. Standard deviations are represented (n=10 mice per 
group). 

B : Histopathologic^ study of mouse lungs, a and b : mice receiving mlgGC20 specific for S. 
flexneri serotype 5a and challenged with S. flexneri serotype 2a and 5a, respectively, c and d : 
mice receiving mlgGCl specific for S. flexneri 2a prior to challenge with S. flexneri serotype 
2a and 5a, respectively. HE staining, magnification x 100. 

Figure 4 : Protection conferred by mlgG specific for & flexneri IpaB or IpaC invasins. 
Mice were receiving In. 20p.g of each of the purified ralgG, H4, H16, J22, K24, and C20, lh 
prior to In. challenge with a sublethal dose of S. flexneri serotype 5a. Lung-bacterial load was 
expressed using arbitrary units with 100 corresponding to the bacterial count in lungs of 
control mice. Standard deviations are represented (a-10 mice per group). 
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PREPARATION OP THE OLIGOSACCHARIDE-TETANUS TOXOID CONJUGATES 

CGS0303-8-3: Tetanus toxoid-ECD conjugate 
CGS0303-8-4: Tetanus toxoid-B(E)CD conjugate 
CGS0303-8-5: Tetanus toxoid- AB(E)CD conjugate 

EXPERIMENTAL SECTION 

General procedures. Ar-(y-msleimidobutu7loxy) sulfosuccmimide ester (suIfo-GMBS) was 
purchased from Pierce. Tetanus toxoid (TT) <MW 150 kDa) (batch n"PA 045644), was 
purchased from Aventis Pasteur (Marcy IBtoile. France), and stored at 4°C in a 39.4 mg.nuV 1 
solution. 

Dialysea were performed with Slide-A-Lyzer® Dialysis Cassettes (Pierce). 

Derealization of the tetanus toxoid 

Protocol A 

To a solution of tetanus toxoid (12 mg, 304 yL, 0.08 mnole) diluted in PBS 0.1 M, pH 7.3 
(296 jiL), was added W-(y.maleimidobutiryloxy) sulfesuccinimide ester (GMBS) (3 x 1.53 
mg, 3 x 29 uL of an 60 rag-mL-' solution in CHjCN, 3 x 50 equiv), in three portions every 40 
minutes. The pH of the reaction mixture was controlled (indicator paper) and maintained at 7- 
7.S by addition of aq NaOH 0.SM. Following an additional reaction period of 40 minutes, the 
crude reaction mixture was dialyzed against 3 x 2 L of phosphate buffer 0.1 M, pH 6.0 at 4 e C 
to eliminate excess reagent 

Preparation and characterization of the conjugates 

Following dialysis, maleimide activated-TT in phosphate buffer 0.1M solution was divided 
into three portions which were further reacted with reacted 5-acetylthioacetylated-trU, tetra- 
and penta-saccharide from Shigella flexneri 2a antigcn-0 in a 1:12 molar ratio, respectively. 
Reaction mixtures were buffered at a 0.5 M concentration by addition of phosphate buffer 
1M, pH 6.0. Then, NH 2 OH, HC1 (7.5 uL of a 2 M solution in phosphate buflfer 1 M, pH 6), 
was added to the different mixtures and the couplings were carried out for 2 h at room 
teperature. The conjugated products were dialyzed against 3 x 2 L of PBS 0.05 M, pH 7.4 at 
4°C, and further purified by gel permeation chromatography on a sepharose CL»6B column (1 
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m x 160 mm) (Pharmacia Biotech), using PBS 0.05 H pH 7.4 as eluent at a flow rate of 0.2 
mL.min J , with detection by measuring the optical density at 280 nm and the refractive fade*. 
The appropriate fractions were pooled and concentrated over a dialysis tubing-visking size 1- 
8/32" membrane. The conjugates were stored at 4 P C in the presence of thimerosal (0.1 
mg.ml/ 1 ) and assessed for their total carbohydrate and protein content. 
Hexose concentrations were measured by a colorimetric method based on the anthrone 
reaction, using pmLPS as a standard. 

Protein concentrations were measured by the Lowr/s spectrophotometry method, using BSA 
as a standard and/o total acidic hydrolysis (6N HCi at X°C for 20 h), using norleucine as an 
internal standard. 

pztermbiation afhexoses with anthrone 
Reagents: The reagents are as follows 

Stock sulfuric acid. Add 750 mL of concentrated sulfuric acid to 250 mL of distilled water 
and cool the solution to 4°C. 

Anthrone reagent, Dissolve 1.5 g of anthrone in 100 mL of ethyl acetate and cool the solution 
to 4°C 

Standard pmLPS 01 Inaba solution: Prepare a solution at a concentration of 8 mg.ml/ 1 in 
water. Prepare serial dilutions of 800 to 25 jiMol of pmLPS 01 Inaba standard solution in 

water. 
Procedure: 

Prepare serial dilutions of 800 to 25 yMol of pmLPS 01 Inaba standard solution in water (1 
mL) in screw-threaded tubes. Prepare similarly a reagent blank containing I mL water and 
control reagents containing a known amount of pmLPS 01 Inaba or glucose in 1 mL water. 
Prepare samples and make up to 1 mL if necessary by adding water. Cool all tubes in ice- 
water. 

To each tube, add 5 mL ofthe concentrated HjS04 and 0.5 mL of the anthrone solutions. Heat 
the tubes at 100°C, caps unscrewed for 3 minutes and then caps screwed for 7 minutes. After 
exactly 10 minutes, return the tubes to an ice-bath and when cool measure the absorbanccs in 
a spectrophotometer (Seconam S.750I), at a wavelength of 625 nm. The quantity of 
carbohydrate in the unknown samples can be read off from the standard curve prepared with 
the standard solution samples and the blank. 
Determination of protei n content fLowrv) 
Reagents: The reagents are as follows 
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Stock solution A- Add 1 g of sodium carbonate to 50 mL of 0. 1 N aqueous sodium hydroxide 
Stock solution B. Mix i mL of a stock solution of 1% (w/v) aqueous cupper(E) sulfete with 1 
mL of a stock solution of 2% (w/v) aqueous sodium tartrate; 

Stock solution AB: Mix 1 mL of the stock solution B with SO mL of the stock solution A. 
Standard BSA solution; Prepare a solution at a concentration of 1 mg.mL" 1 in water. 
Folin reagent 
Procedure: 

Prepare a blank and serial dilutions of BSA by adding 0, 10, 20, 30, 40 or 50 ^L of standard 
BSA solution to 1 mL of stock solution AB in clean disposable tubes. Complete to L2 mL by 
adding water. Prepare similarly sample dilutions by adding 200 yL of the sample solutions to 
1 mL of stock solution AB. 

Incubate for 10 minutes at room temperature and add 100 of folin reagent in each tube. 
Incubate for 20 minutes at room temperature and measure the absorbance In a 
spectrophotometer (Seconam S.750I), at a wavelength of 660 run. The quantity of protein in 
the unknown samples can be read off from the standard curve prepared with the standard 
solution samples and the blank. 
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INVENTION MULARD L. et a!. 

INFORMAL PATENT APPLICATION 
PROVISIONAL CLAIMS, TO BE ADDED TO THE FILED TEXT 

1) A glycopeptide comprising an immunogenic carrier compound congugated to a synthetic 
oligosaccharide derived from the O-specifIc polysaccharide of Shtgeaa flexneri selected 
among the group consisting of: 

{ABC)n 
(BCD}n 
<CDA}n 
{DABJn 

<B(E)C}n 
«E)CD}n 

{AB(E)C)n 
{B(E)CD}n 
{(E)CDA}n 

{DAB(E)C}n 
{B(E)CDA}n 
{(E)CDAB}n 
{AB(E)CD}n 

{B(E)CDAB(E)C}n 
{DAB(E)CDAB(E)C>n 

wherein : 

A is an alphaLRhap-(1,2) residue 
B is an alphaRhap-(1 ,3) residue 
C is an alphaLRhap-(1,3) residue 
E is an [alphaDGIcp-(1,4)J residue 
D is a betaDGIeNacp-(1, residue 

and wherein n is an integer comprised between 1 and 10 and preferably between 2 and 6. 

derived offl deriS'" 9 * ^ 1 Wherein the ^oaaccharide is a 

^£M?H^i U9ateaCCOrdin9 *? the dalm 1 wherein *»• immunogenic carrier compound Is 
selected among an immunogenic protein, an Immunogenic peptide or a derivative thereof. 

PADRE COC ° njU9ate according to claim 3 ' wherein **> immunogenic carrier is the peptide 
?JtiSSSS£^ accordin 8 to claim 3 - W"^'" immunogenic carrier compound ia the 
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6) A gtycoconjugate according to anyone claims 1 to 5 wherein the oligosaccharide is directly 
coupled to the immunogenic carrier compound. ' 

7) A glycooonjugate according to anyone claims 1 to 5 wherein the oligosaccharide is 
coupled to the immunogenic carrier compound via an arm spacer. 

8) A glycoconjugate according to claim 7 wherein the arm spacer is an alanine derivative. 

10) A glycoconjugate according to the claim 1 wherein the synthetic olyaosaccharide is a 
$55! I 1 " 0 " 9 hexasacchaiWe - me ^saccharide and L penScSaS Sejicted 

11) Composition useful to induce an immune response against Shigella comprising an 
efficient amount of a glycoconjugate according to any claims 1 to 6. 

Obviously also methods to obtain the oligosaccharides, the oligosaccharide derivatives to be 
conjugated to the immunogenic carrier and the glycopeptides must be claimed. 
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